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Foreword 
When Shiva and I arrived in New Delhi in February, there was something strange in the 
air. Actually the air was relatively clean, thanks to Delhi’s entire public transport system 
using compressed natural gas. No, there was something else. More like a buzz of self-
confidence had penetrated the entire population. Businessmen in smart suits were 
chanting financial deals into their mobile phones. Merchants, transport workers and 
laborers of different castes, religions and ethnicities were conducting their businesses 
with a manner of pride. Women in burkas, vibrant saris or western-style dress were 
moving gracefully between the congestion of buses, taxis and auto rickshaws, which spat 
out virtually zero hazardous emissions. Even the beggars had an attitude: scoffing at alms 
of one or two rupees – and demanding at least five! Indeed there was a positive vibe in 
the capital. I had often heard criticism of Delhi being too polluted, too crowded and too 
economically challenged. But this sentiment seemed a bit passé as Shiva and I observed 
the Indian capital.  
Then we saw them: glossy “India shining” posters with large photographs of 
happy Indians. Never mind the squalid camps of homeless people living underneath some 
of the posters. Somebody had ordered the feel-good posters to be put up everywhere – to 
send the message that the country was undergoing rapid change, a change for the better. 
And it appeared as if most of the people on the ground had taken faith in the slogan. At a 
closer look, the posters boasted new pension insurance schemes that “promise a better 
life”. “Roads are lengthening. Distances are shortening. Bazaars are buzzing,” said 
another poster, with a giant photograph of a smiling Indian in traditional clothes as white 
as his teeth. Still, it was difficult to ignore the irony of destitute people camped just 
inches away from some of the posters. One poster was hanging at a bus stop, where a 
man in rags was sleeping underneath a bench. I had pointed this out to Shiva. “Welcome 
to India,” he quipped. “The land of contrasts.”   
Shiva and I were in Delhi to attend a four-day international summit on sustainable 
development and to research India’s ambitious plan to interconnect 30 main rivers as a 
way to transfer water from surplus to deficit areas.  
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At the summit, various luminaries expressed their views about how the world can 
move towards a sustainable future. Norwegian Environment Minister Boerge Brende, the 
current chairman of United Nations Commission on Sustainable Development, promised 
that the UN body would become an “international watchdog” to ensure that countries not 
meeting their (Millennium Development Goal) targets got back on track. American 
economist Jeffrey Sachs, special advisor to the UN Secretary-General, stressed 
technology transfer (from developed to developing nations) was needed to make the 
world more sustainable. Jan Pronk, UN special envoy and former minister in the 
Netherlands, said that global poverty and pollution reduction largely hinged on much 
needed reforms in international institutions, such as the United Nations, the World Bank 
and International Monetary Fund. Omar Abdullah, former Minister of State for External 
Affairs, lamented that the lack of governance and political will were slowing down 
progress towards a sustainable future. Meanwhile, Nobel Laureate Sherwood Rowland 
rehashed the threat of climate change and called for significant controls to curb global 
warming.1 The speakers had different opinions, although the main theme of the summit 
was clear: not enough was being done to ensure our lifestyles do not compromise those of 
future generations. 
Following the Delhi summit, we met with the commissioner at the Ministry of 
Water Resources to discuss the country’s so-called Interlink River scheme. The project, 
perhaps the world’s largest of its kind, was reportedly estimated to cost 5,60,000 crore 
(about $120 billion).2 Prime Minister Atal Bihari Vajpayee had been quoted in the media 
saying the river interlink project was a “prime task”.3 However, at our meeting at the 
water ministry, Commissioner A.D. Bhardwaj said the Interlink plan would not be 
pushed through without the union of all states involved. Still, we wanted to know whether 
the government was thinking about sustainable development while considering a project 
with obvious environmental, social and economic implications. When asked about 
sustainable development, Bhardwaj replied that sustainable development was a very 
important issue. He said that traditionally, for India, economic development was at the 
                                                          
1
 Delhi Sustainable Development Summit 2004, February 4-7, New Delhi 
2
 Crore is a unit of measurement in India, in this case rupees. 1 crore = 10 million (or 100 Lakhs). At the 
time of writing, 1$=R.45, roughly. 
3
 The Hindu, February 1, 2004 
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forefront of policy. “To find out what is sustainable, first you need to know the priority of 
the country,” he said. “All countries seek their own interests first,” he added.4 At that 
point, I could not help but think about my train ride from Hyderabad to Delhi two weeks 
prior to meeting Bhardwaj. Many men on the train had new mobile phones but they were 
tossing their rubbish out of the train windows. The thought had reminded me of one more 
contradiction to “India shining”. By the time Shiva and I left the ministry, I had more 
questions than answers. 
At the newsstands, the cover story of The Economist was titled “India’s shining 
hopes.” So we picked up a copy to find out what all the fuss was about. Inside the weekly 
magazine, the editors wrote: 
Only a year ago, India seemed in a sorry state. Tension with Pakistan had 
recently reached such a pitch that nuclear war did not seem unconceivable. An 
Indian state, Gujarat, had witnessed appalling communal violence between 
Hindus and Muslims. The economy, after years of drought, was limping along at 
an annual growth rate of just 4%, not enough to change the fortunes of a nation 
of a billion people, a quarter of them living in severe poverty. One year on, in the 
phrase of its government’s propaganda campaign, “India is shining”. The risk of 
war seems remote and a historic settlement with Pakistan seems possible. Recent 
state election campaigns have been marked not by communal antagonism, but 
voters’ mature disgruntlement over bad and corrupt government, pot-holed roads, 
poisonous water and meager power supplies. The economy, blessed by a lavish 
monsoon, is growing by 8% a year or more. Hotels are full of foreigners newly 
alive to India’s potential as both a market and an “outsourcing” destination. 
India fared well in a cricket series in Australia. India politicians, businessmen, 
diplomats and journalists are relishing the news sense of self-confidence. India, 
said to have been “emerging” for years, has at last come out. This is India’s 
decade, crow the optimists; India’s century, echo true patriots. 
 
Despite the strong wave of optimism, The Economist warned, “caution is 
advisable”. India’s economy, it said, “is still relatively small by global measures”. India 
has 17% of the world’s population, but the country’s accounts make up less than 2% of 
global gross domestic product (GDP) and 1% of world trade, it said. In comparison, 
China, the world’s most populous nation, had seen “an increase in its two-way trade with 
the world of almost double India’s total trade,” it said.  
                                                          
 
4
 Personal Communication, A.D. Bhardwaj, February 9, 2004 
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After reading the article, I was more convinced that the “India shining” campaign 
was too optimistic – even for the world’s largest democracy. Still, Indian newspapers 
were predicting a sweeping victory for Prime Minister Vajpayee and his Hindu-friendly 
Bharatiya Janata Party (BJP) in the parliamentary elections in May. The BJP, which has 
been campaigning on the platform of “peace and prosperity”, dominates the National 
Democratic Alliance, a coalition of 20-odd parties. A victory for Vajpayee’s BJP will go 
down in the history books. The opposing Congress Party, fronted by the dynastic Gandhi 
clan, controlled political power from 1947 to 1998.   
By mid February, Shiva and I were still short of a viable research project. 
Following two more weeks searching for answers about the river-link scheme, we 
decided to scrap the idea. Simply, there were too many opinions but not enough facts. 
Plan B. An environmentalist in Delhi had told us about how rainwater harvesting was 
practiced in various parts of the country such as New Delhi, Mumbai and Bangalore. In 
fact, we were told that Tamil Nadu was the country’s first state to mandate rainwater 
harvesting for all building structures. The news was appealing to us for several reasons: 
rainwater harvesting seemed like an environmentally friendly solution to help Indians in 
water-starved areas. Also we were told that rainwater harvesting in Tamil Nadu was 
achieved by close coordination between government and voluntary organizations. Shiva 
and I had agreed to travel south to investigate the sustainability prospects in Chennai.  
Two months later, as I sit back at home in Denmark and reflect on my experience 
in India, I can vouch that the country is indeed a land of contrasts in transition. The 
question remains whether rainwater harvesting can shine in Chennai. 
 
Jeff Coelho 
 
 
April 5, 2004 
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ACRONYMNS  
BCM   Billion cubic meters 
BJP   Bharatiya Janata Party 
CMWSSB  Chennai Metropolitan Water Supply & Sewerage Board 
GDP   Gross domestic product 
GDS   Gross domestic savings 
MOWR  Ministry of Water Resources, Government of India 
NGO   Non-governmental Organization 
NSDS   National Sustainable Development Strategies 
PC   Planning Commission, Government of India 
TWAD  Tamil Nadu Water Supply & Drainage Board 
UN   United Nations 
UNCED  United Nations Conference on Environmental Development 
UNCSD  United Nations Commission on Sustainable Development 
UNESCO  United Nations Educational, Scientific and Cultural Organization 
WCED  World Commission on Environment and Development 
WMO   World Meteorological Organization 
WWAP  World Water Assessment Program 
WWC   World Water Council 
 
 
 
 
 
 
 
 
 
 
 
Making Urban Rainwater Harvesting Sustainable: Lessons Learned in Chennai                                     
  
 9 
1. INTRODUCTION 
R. Ramani, 62, is often called “a crusader for rainwater harvesting.” His 
comfortable house in the quiet Korattur neighborhood in Chennai (formerly Madras), the 
coastal capital of Tamil Nadu, has attracted scores of visitors over the past decade, some 
from as far away as North America and Europe. They come to get a lesson or two about 
rainwater harvesting and water management. The blocky pale concrete house, which 
resembles something from Lego, has a complex network of pipes, wells and tanks 
trimmed in light blue paint. With more than 15 years of experimental plumbing and 
simple home improvement behind him, Ramani has converted his home into a real-time 
model for rainwater harvesting and water recycling. He always offers his visitors a glass 
of sparkling water to drink. Then he explains that the Ramani household has not relied on 
the city water supplier or purchased water from private tankers for the past 15 years. The 
water comes from the heavens, he says. But once it rains on Ramani’s flat, sloping 
rooftop, it can either be stored in a tank (after being filtered) for immediate use or it can 
flow into the ground for recharging the groundwater. Ramani treats the water with a little 
chlorine before drinking it. However he is convinced that rainwater is pure and safe. The 
water he uses is also recycled. For example, the water in the bathroom and kitchen is re-
used for watering (via automatic drip irrigation) the garden, which grows various herbs 
and medicinal plants. Ramani is also experimenting with solar energy. Ramani is retired, 
though his commitment to water and energy conservation has become his new full-time 
job.  
In an interview in March 2004, Ramani said his passion for rainwater harvesting 
began in the late 1980s. Earlier in that decade, Ramani and his neighbors started to have 
problems finding sufficient drinking water from their open wells. The wells, which had 
yielded “sweet drinking water” at 20 feet deep, were going dry, Ramani said. He had to 
dig several feet deeper to get fresh water. But a severe drought in 1983 had exacerbated 
the situation and Ramani was forced to dig even further. But other problems ensued. “At 
30 feet deep, my open well started oozing out saltwater, which had totally spoiled the 
potability of the well water,” he said. “The water became brackish and had high salinity 
and iron content.” Ramani was not alone. The entire city was facing similar problems, 
largely because of uncontrolled groundwater depletion coupled with periodic drought. In 
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fact, the city’s main water supplier had big problems distributing water to city residents. 
Ramani cited rapid urban development and urban population growth, selfishness, 
ineffective water policies and lack of regulation for water system failure in the 1980s. 
Meanwhile, numerous private water suppliers had sprouted up in and around the city to 
supply water at variable prices. But it was not until the 1987 drought that Ramani had 
seriously considered rainwater harvesting as an option. At the same time, city officials 
were framing the Chennai Groundwater Act to regulate and control the abstraction, use 
and transport of groundwater in the metropolitan area. The Act, which came into effect in 
1988, also mentions rainwater harvesting as an alternative to groundwater extraction. 
Ramani, inspired by the concept of rainwater harvesting, wanted to be self-sufficient 
instead of relying on the private water suppliers taking advantage of the frequent water 
shortages. Ramani learned about traditional rainwater harvesting systems and taught 
himself basic plumbing skills. His goal was to prove that rainwater harvesting could yield 
economic, social and environmental benefits. In August 1990, Ramani christened his 
home as a “role-model house on rainwater harvesting”. Over the past decade, Ramani has 
constructed different rainwater harvesting methods at reasonable costs and has monitored 
his results – with success. Ramani’s groundwater levels – averaging about 25 feet – have 
improved somewhat, and he does not use external water suppliers. He has given 
numerous tours of his home to local school children, professionals and city officials.5  
However it was not until July 2003 that the chief minister of the state issued an 
ordinance enforcing the installation of rainwater harvesting systems in all buildings 
throughout the state. The “Explanatory Statement” of the ordinance warned that: “if such 
owner or occupier of the building fails to provide rainwater harvesting structure on or 
before the date to be specified in the Rules, the water supply connection provided to such 
building shall be disconnected” (Government of Tamil Nadu 2003). The warning in 
ordinance may appear to be extreme, but prior attempts at legislating rainwater harvesting 
were not very successful. Today, state and city officials boast that virtually 100% of all 
buildings – schools, hospitals, office buildings, municipal offices, private homes, etc – 
have rainwater-harvesting systems. Rainwater harvesting systems serve two main 
                                                          
5
 Personal Communication, R. Ramani, March 28, 2004 
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functions: to provide water for immediate use (e.g., drinking, cooking, cleaning, 
gardening, etc.) and/or to recharge the groundwater for withdrawal at a later time.  
Nevertheless, Chennai continues to face a water crisis. The municipal water pipe 
system does not reach all residents and often runs dry during drought. On any given day, 
clusters of women and children can be seen crowding the city’s local water tanks for their 
daily supply. The water tanks are filled by public and private mobile tankers, which 
extract groundwater more than 250 kilometers outside of the city. The wealthy get the 
best prices by buying water in bulk. The poor, often women and children, walk long 
distances with their empty plastic pots to queue up at the communal water tanks. 
Frustrations rise with the summer heat. To some of the city residents, rainwater 
harvesting has evolved from a positive solution to a financial pain with little reward. 
They poured money into rainwater harvesting systems but continue to buy water from the 
city or private suppliers. And their disappointment is directed at the government and its 
influential rainwater-harvesting friends. To others, there is hope that the next monsoon 
will be rich enough so that rainwater harvesting will pay off – as it has for people like 
Ramani. 
This portrayal of Chennai’s water problem is not inclusive. It is meant to briefly 
illustrate how an individual and government have been responding to a lingering water 
crisis. For Ramani, the problem has been resolved by ingenuity, time, money and will. At 
the same time, government officials hail rainwater harvesting as “the ultimate answer” to 
help overcome water scarcity (TWAD 2003). The legislation had been achieved by the 
close coordination of government, voluntary organizations and local communities. 
Indeed, virtually every person in the Chennai knows something about rainwater 
harvesting. Yet the water problem in the city persists. The reasons for this are complex 
and extend beyond Chennai.  
In fact, many urban areas throughout India are experiencing a decline of the per 
capita fresh water availability. Drought, flood, global climate change, population growth, 
poverty, urbanization, industrialization, pollution, lack of governance, corruption and 
carelessness are some of the reasons cited for the reduced water availability. The 
unavailability of safe water remains a big problem for millions of people in India. 
Infectious water-related diseases result in death in areas where water is abundant, albeit 
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polluted. While in some water-starved areas, farmers have taken their own lives because 
they were too overwhelmed by crop failures and huge bank debts.6 The fear of water 
scarcity can be severe, though it should not be played down in a country where 
agriculture makes up nearly 25% of India’s GDP and about 70% of the total population 
still resides in the countryside.7 However, urban centers in India are expanding rapidly 
and contribute more than 50% of the country’s GDP, although they account for less than 
one-third of the country’s population. 
But how should local, state or national governments cope with the problem of 
dwindling fresh water availability on the one hand and economic expansion and 
population shifts on the other? Planning, regulation and legislation are often the 
prescriptions for any government. Awareness-generating systems, monitoring systems 
and enforcement systems are needed to effectively implement any new regulations or 
laws. Each system must also be transparent if the government wants to garner trust, 
support and involvement from the people. But these systems do not thrive well in the 
less-developed world, where democracy, education and infrastructure rival corruption, 
illiteracy and poverty. India is somewhere in the middle – a democracy locked in conflict 
with illiteracy, corruption and poverty. 
In Tamil Nadu, the state government responded to its water crisis by writing 
rainwater harvesting into legislation. It did this after exchanging information and 
knowledge with the grassroots community. However the lack of effective and transparent 
monitoring systems threatens the policy’s sustainability prospects. Even so, India needs 
to develop and expand on real working examples from its local communities and states. 
Otherwise, the country runs the risk of its water problems escalating into protracted civil 
unrest. Disputes over India’s interstate waters have spurred senseless acts violence in the 
past. Any prolonged water-related disturbance in India, with its steep economic growth 
path and foreign exchange reserves of more than $100 billion, will likely be felt 
elsewhere. 
    
 
                                                          
6
 The Times of India, (2004, April 2) 
7
 The Economist, India shining, February 21, 2004 
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1.1 Research question 
The objective of this study is to determine whether rainwater harvesting in 
Chennai can be sustained and replicated elsewhere. To meet this objective, it is first 
necessary to answer the following research question: How can urban rainwater harvesting 
be sustained in a city such as Chennai? 
There are three fundamental reasons for studying this research question: 
• To understand the general benefits and limitations of rainwater 
harvesting. 
• To determine whether rainwater harvesting is environmentally, socially 
and economically acceptable and sustainable. 
• To assess whether rainwater harvesting should be incorporated into policy 
and/or legislation. 
 
Chennai is good case study for several reasons: 
• It is a coastal city with many lakes and rivers but there is little safe water 
available for the metropolitan residents. 
• Population growth in the city has exploded over the past few decades and 
continues to expand. The rapid development and expansion of the city has 
resulted in polluted surface waters and heavy dependence on 
groundwater. 
• Chennai had been the model used by officials before rainwater-harvesting 
policy was extended to the entire state. 
• A thorough analysis of Chennai’s rainwater harvesting policy can result 
in solutions for improving its sustainability prospects. 
• To assess whether lessons learned in Chennai can be transferable to other 
cities with similar problems. 
 
The conclusions of this study can serve as a guide to any person involved in 
planning, regulating or implementing water conservation policies, in which rainwater 
harvesting is under consideration. 
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 1.2 Conceptual framework 
As stated earlier, the research question is to determine how rainwater harvesting 
can be sustainable. Therefore the concept of sustainable development is the guiding 
principle throughout the study. Sustainable development has many interpretations. For 
the sake of this study, the broad definition set forth in the 1987 Brundtland Commission 
report to the World Commission on Environment and Development (WCED) is used as a 
reference. The Brundtland Commission defined sustainable development as: 
‘“Development that meets the needs of the present, without compromising the ability of 
future generations to meet their own needs”’ (WCED, 1987; Turner, Pearce and 
Bateman, 1993). It is also widely accepted that sustainable development implies the 
balance of three main “development” pillars: social development, economic development 
and environmental development. Thus the sustainability prospects of rainwater harvesting 
hinges on the outcomes of the influences and interrelationships between the three pillars. 
The relationships can be illustrated as follows: 
 
       Economic development 
 
      Sustainable 
     Development 
   
   Environmental         Social   
   Development         Development 
 
The Brundtland Commission definition of sustainable development is often cited 
as a reference point. However it is important to identify its limitations for being too 
broad, leaving the door open for many interpretations and, whether it can actually deliver 
on some, most, or all of its promises (Dryzek, 1996). Nevertheless the authors of this 
study use the broad definition since sustainability must be put into context the physical, 
cultural and socio-economic conditions in the place of application, in this case India. This 
study elaborates on discussions about sustainable development in international forums 
and declarations.     
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1.3 Methodology 
The study of Chennai’s rainwater harvesting policy is used as a research strategy 
in order to determine how rainwater harvesting can be sustained. In Robert Yin’s Case 
Study Research: Design and Methods, states that “the case study, as a research strategy 
comprises an all-encompassing method – covering the logic of design, data collection 
techniques, and specific approaches to data analysis”.  
The design of this study is based on the main research question stated above. 
However there are several propositions to this question: (i) rainwater harvesting is 
environmentally sustainable since rainfall is the primary source of fresh water for 
humans; (ii) rainwater harvesting can help a water-starved area get access to fresh water; 
(iii) rainwater harvesting needs effective and transparent monitoring systems to measure 
quality and quantity of water; (iv) governments in water-deprived areas may need to 
enforce rainwater harvesting through legislation in order to control the monitoring of 
water quality and guarantee its full potential as a water source; and (v) rainwater 
harvesting is economically sustainable when compared to costs for large river basin links 
used to transfer water from surplus to deficit areas. However there are some socially 
sustainable limitations related to the health risks individuals face in treating and storing 
rainwater for their own drinking purposes. This is a primary concern.  
Different methods of rainwater harvesting used in Chennai are analyzed (as the 
units of measure) for their sustainability prospects. For instance, rainwater can be used 
for immediate domestic purposes (e.g., drinking, cleaning and flushing toilets) and/or it 
can be used to replenish depleting groundwater levels, which is the primary source of 
fresh water supply in Chennai.  
From a natural science perspective, an analysis of the groundwater system is 
given. This will help assess how urban areas can benefit by redirecting rainwater to 
underground aquifers rather than letting valuable water runoff into the sewerage system 
and out to the sea. From the social science perspective, an analysis is needed to determine 
how rainwater harvesting satisfies economic and social demands, such as water rights and 
water values. Meanwhile, the political decision by Tamil Nadu government officials to 
enforce rainwater harvesting through legislation is analyzed using game theory. 
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Data collected for this study comes from a combination of books, working papers, 
official and unofficial government documents and studies, various media, surveys, an 
international conference and interviews. The authors of this report had traveled to 
Chennai and had met with various stakeholders (NGOs, builders, think tanks, water 
supply officials and public) involved in the planning and implementation phases of the 
rainwater-harvesting policy. For the interviews, the information was obtained using a 
combination of pre-determined and ad-hoc questions. In all cases, diligent notes were 
taken by each author and thoroughly cross-examined immediately following the 
interview to ensure accuracy. In most cases, the information from the interviews is used 
for background unless stated otherwise. A tape recorder was not used, although a 
“common sense” approach had been used to interpret and paraphrase the text.  
For primary data, the authors surveyed 30 homes over a two-day period to get a 
sample of Chennai residents’ views on the rainwater-harvesting policy. A questionnaire 
was used (see Appendix 7) to gather the information. It should be noted that the survey is 
not statistically sound, although it does capture a snapshot of consensus. Additionally, a 
survey by the Rain Centre, a non-governmental organization in Chennai, has been useful 
in assessing adequacy of the different rainwater harvesting systems installed in the city. 
The surveys are elaborated in a later chapter. Regarding the writing style, the aim is to 
make the study easy to read without compromising academic standards.  
 
1.4 Limitations 
The concept of sustainable development has many interpretations. Many countries 
around the world are in pursuit of sustainable development, but they have difficulties 
putting the principles into practice. Monitoring sustainability also has its challenges. The 
analysis of Chennai’s rainwater harvesting policy is not inclusive of all theories related to 
political decision-making. And rainwater harvesting is not the only solution for water-
starved areas. This study does not make comparisons between rainwater harvesting in 
other cities and other alternatives such as desalinization and osmosis treatment. These 
issues can be studied further.   
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The key points of the introduction chapter are as follows: 
• The metropolitan area of Chennai has plenty of water but not enough 
available fresh water for its expanding population and demands from the 
various water sectors. Water must be brought in from rural areas. 
• Rainwater harvesting has enabled an individual access to relatively safe 
water for various domestic purposes. The water is also recycled for non-
drinking purposes, such as gardening or flushing toilets. 
• The government of Tamil Nadu has responded to the water crisis by 
writing rainwater harvesting into legislation. The government worked 
closely with various NGOs and experts to help create awareness before 
implementing the law. 
• Chennai continues to face water problems. The reasons are complex and 
expand beyond the metropolitan area.  
• The research question of this study is: How can urban rainwater 
harvesting be sustained? Chennai is used as a case study. The objective 
the study is to assess the sustainability of rainwater harvesting in Chennai 
so that it may be replicated elsewhere. 
• The concept of sustainable development is used as a guiding principle for 
this study. It is widely accepted that sustainable development is a balance 
of economic, social and ecological development. 
• The authors of this study visited Chennai earlier in the year to get first-
hand experience about the city’s rainwater harvesting policy. A variety of 
sources are used to collect data and information. 
• Limitations to this study include the varying interpretations of sustainable 
development and difficulties in applying and monitoring it in practice; 
and the lack of comparisons to other water conservation methods.  
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2. WATER RESOURCES AND SUSTAINABLE DEVELOPMENT 
This chapter explores the global perspective of water resources and sustainable 
development. A holistic review of the global water supply system is needed in order to 
understand the development and evolution of international agreements and declarations 
made to address the concepts of water rights and economic value, as well as to encourage 
sustainable water management practices. It also highlights India’s responses to the 
concept of sustainable development.   
 
2.1 Water resources 
Water is a renewable resource, but its availability is finite in terms of the amount 
available per unit time in various parts of the earth. With over six billion people living on 
the earth, nearly every country in the world experiences water shortages during certain 
times of the year. The total amount of fresh water held on the surface of the earth in 
streams and lakes represents only about 0.3% of the total fresh water on the earth. The 
bulk of the fresh water on this planet comes from ice caps, glaciers, underground aquifers 
and soil moisture. Groundwater, which is 82 times more abundant than the amount of 
fresh water in streams and lakes, makes up about 23% of the total fresh water on the earth 
(Pimental, 2001).  
Rainfall is the primary source of fresh water for human society. However, rainfall 
is not distributed evenly and often does not meet the growing agricultural needs in arid 
areas. Evaporation and transpiration are the two main reasons why water is lost from the 
terrestrial ecosystem. However rapid population growth and increased total water 
consumption are rapidly depleting the availability of water. Between 1960 and 1997, the 
per capita availability of freshwater worldwide declined by about 60%. Another 50% 
decrease in per capita water supply is projected by the year 2025 (Ibid.).  
Water covers about 75% of the earth’s surface but only a small proportion – about 
2.5% - can satisfy human needs for fresh water (Ramana, 1992, UN/WWAP, 2003). 
Agricultural and other societal needs for fresh water vary from region to region, 
depending on population patterns and climate. Agriculture is by far the largest water 
consumer on the planet. According to Pimental (2001), 65% of the water removed from 
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all sources worldwide is used solely for irrigation. Of this amount, Pimental says, about 
two-thirds is consumed by plant-life, which is non-recoverable. 
The total amount of water made by the hydrological cycle is enough to provide 
the world’s current population with adequate fresh water – based on the minimum basic 
water requirement for human health, including drinking water, which is 50 liters per 
capita per day. However most of the total water is concentrated in specific regions, 
leaving other areas deficient of fresh water. And water consumption habits vary 
depending on the climate. For instance, the average domestic usage in the United States is 
400 liters per capita per day, eight times higher than the minimum average. Elsewhere, 
water demands far exceed supplies. In China and India, for example, the two most 
populous countries in the world, hundreds of cities suffer from inadequate water supplies, 
and the problem intensifies as their populations increase. “Political conflicts over water in 
some areas, such as the Middle East, have even strained international relations between 
severely water-starved nations,” (Pimental, 2001). The depletion of the surface and 
groundwater resources, as a result of a growing population, is the biggest threat to water 
maintenance. Because water is not managed effectively, pollution and water shortages 
threaten human life and the aquatic organisms that depend on fresh water for survival. 
Meanwhile, groundwater resources are also mismanaged and over-tapped because of 
uncontrolled extraction. For example, groundwater levels in Tamil Nadu declined from 
25 meters to 30 meters during the 1970s as a result of excessive pumping for irrigation 
(Ibid). 
Today, the United Nations estimates 1.2 billion people, or about one-sixth of the 
world’s population, lack access to safe water, and 2.4 billion or 40% of the world’s 
people lack access to adequate sanitation services (UNCSD, 2003). Despite an 
international declaration at a Johannesburg Earth Summit in 2002 to halve the proportion 
of people with no access to safe drinking water and lacking sanitation by 2015, only 50% 
of developing countries are on track to meeting the goal (Reuters, 2004). Thus, from a 
global perspective, water shortages are likely to persist for some time. “Critical 
challenges lie ahead in coping with progressive water shortages and water pollution. By 
the middle of this century, at worst seven billion people in 60 countries will be water-
scarce, at best two billion people in forty-eight countries” (UN/WWAP, 2003). 
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2.2 International water milestones 
Water has not been explicitly mentioned in any of the major international 
agreements and treaties until the 1970s, when a series of international environmental 
conferences took on the issue of access to basic needs and rights to water. The 
discussions around water largely concern two fundamental issues (i) water as a basic 
human need or right and (ii) water as an economic good. 
 
2.2.1 Water as a basic right    
Arguably one of the earliest comprehensive water conferences was the 1977 Mar 
del Plata conference. At the close of the conference, the statement explicitly recognized 
the right to access to water for basic needs: ‘“…all peoples, whatever their stage of 
development and their social and economic conditions, have the right to have access to 
drinking water in quantities and of a quality equal to their basic needs’” (United Nations, 
1977, Gleick, 1999). 
 Furthermore, other world conferences in the wake of Mar del Plata have made the 
recognition between resources, the health of the environment and human health. For 
instance, Article 24 of the 1989 Convention of the Rights of the Child (CRC), states that 
a child has the right to enjoy the highest attainable standard of health and that countries 
must secure this right by taking measures to: ‘“Combat disease and malnutrition … 
through, inter alia, … the provision of adequate nutritious foods and clean drinking 
water”’ (United Nations, 1989, Gleick, 1999) 
 Water more or less has been deemed a basic right for human existence in tandem 
with the right to adequate human health. Yet a right to water cannot imply a right to an 
unlimited amount of water. Resource limitations, ecological constraints, and economic 
and political factors limit water availability and human use. “A human right to water 
should only apply to ‘basic needs’ for drinking, cooking, and fundamental domestic 
uses,” says Gleick in (Gleick, 1996). 
 Both the 1977 Mar del Plata statement and the 1986 UN Right to Development set 
a goal of meeting “basic” needs. Whereas the 1992 Earth Summit in Rio de Janeiro 
strongly reaffirmed the concept of meeting basic water needs and expanded to include 
ecological water needs. Following Rio, the Comprehensive Assessment of the Freshwater 
Making Urban Rainwater Harvesting Sustainable: Lessons Learned in Chennai                                     
  
 21 
Resources of the World was prepared for the UN Commission on Sustainable 
Development. The Assessment states: ‘“All people requires access to adequate amounts 
of clean water, for such basic needs as drinking, sanitation and hygiene’…and…‘develop 
sustainable water strategies that address basic human needs, as well as the preservation of 
ecosystems’…and … ‘it is essential that water planning secure basic human and 
environment needs for water’” (UN, 1997, Gleick, 1999).       
More recently, a ministerial declaration at the International Conference on 
Freshwater in Bonn made links between poverty reduction and water playing “a vital role 
in relation to human health, livelihood, economic growth as well as sustaining 
ecosystems” (UN/WWAP, 2003). 
 
2.2.2 Water as an economic good 
The concept of water valuation is definitely not new. Communities and 
indigenous people have assigned religious and cultural values to water for generations. 
The values of drinking water, domestic uses, irrigation and industrial uses have very 
often been socially established (UN/WWAP, 2003). However, there are growing efforts 
to treat water as an economic good, and this was first widely accepted in the fourth 
principle at the Dublin Conference in 1992. Principle No. 4 of the Dublin Statement 
reads: “Water has an economic value in all its competing uses and should be recognized 
as an economic good.”  
Following the principle, it states: “Within this principle, it is vital to recognize 
first the basic right of all human beings to have access to clean water and sanitation at an 
affordable price. Past failure to recognize the economic value of water has led to wasteful 
and environmentally damaging uses of the resource. Managing water as an economic 
good is an important way of achieving efficient and equitable use, and of encouraging 
conservation and protection of water resources”(WMO, 2004). 
The outcome of the Dublin conference provided the major input for water issues 
to the United Nations Conference on Environment and Development (UNCED Earth 
Summit) in Rio de Janeiro. Although the fourth principle of the Dublin Statement is not 
directly quoted in Agenda 21, it is detailed in Chapter 18 on Freshwater Resources. 
Chapter 18 recommends the following economic measures for water management: 
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• Promoting schemes for rational water use through levying of water tariffs and 
other economic instruments, including the need for evaluation/testing of charging 
options that reflect true costs and ability to pay and for undertaking studies on 
willingness to pay. 
• Charging mechanisms should reflect true cost and ability to pay. 
• Developing transparent and participative planning efforts reflecting benefits, 
investment, protection, operation and maintenance (O&M) costs, and opportunity 
costs of the most valuable alternative use. 
• Managing demand be based on conservation/reuse measures, resource assessment 
and financial instruments; changing perception and attitude so that ‘some for all 
rather than more for some’ be fully reflected in valuing water. 
• Developing sound financial practices, achieved through better management of 
existing assets, and widespread use of appropriate technologies are necessary to 
improve access to safe water and sanitation for all. 
• In urban areas, for efficient and equitable allocation of water resources, 
introducing water tariffs, taking into account different circumstances and, where 
affordable, reflecting the marginal and opportunity cost of water, especially for 
productive activities. 
• In rural areas, providing access to water supply and sanitation for the underserved 
rural poor will require suitable cost recovery mechanisms, taking into account 
efficiency and equity through demand management (UN, 1992, UN/WWAP, 
2003). 
 
The economic value of water has been widely accepted to help manage the 
scarcity of supply among other things, but there are disagreements within the 
international community about how to define “economic good” or how to apply the 
concept. In the United Nations World Water Development Report, Water for People 
Water for Life, the authors clearly point out the controversy:  
“Both the Dublin Statement and Agenda 21 wittingly or unwittingly tried to revise 
the conventional wisdom on the right of usage through ‘prior appropriation’ in order to 
take into account the social, economic and environmental values of water. The term 
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‘economic value of water’ was commonly referred to as the value imputed to its use in 
the productive process to emphasize that water should have a price. Because of this 
misunderstanding, several controversies have emerged in different parts of the world” 
(UN/WWAP, 2003). 
Indeed, several institutions publicly stated that water should be treated as a human 
right rather than an economic good. In a United Nations Educational, Scientific and 
Cultural Organization (UNESCO) press release, Andras Szollosi-Nagy, director of 
UNESCO’s International Hydrological Program, states:  
“For UNESCO, water is not just a commodity but a common public good. It is, 
however, essential to recover the costs of providing people with water in order to manage 
the demand. At the core of any discussion on privatization, there should be a firm legal 
recognition that the resource is a common public good” (UNESCOPRESS, 2002). 
Similarly, in November 2002, the United Nations Committee on Economic, 
Cultural and Social Rights said that the 145 countries that had ratified the International 
Covenant on Economic, Social and Cultural Rights were obligated “to progressively 
ensure access to clean water, ‘equitably and without discrimination.’” In a statement 
issued by the UN group, the public nature of water was defined as “a limited natural 
resource and a public commodity fundamental to life and health”. In a separate statement, 
World Health Organization director-general Gro Harlem Brundtland said the declaration 
of water as a human right to water “entitles everyone to sufficient, affordable, physically 
accessible, safe and acceptable water for personal and domestic uses” (IPS, 2002). 
Nevertheless, the concept of water as an “economic good” and how to apply it has 
prompted a variety of new economic and pricing approaches, which in turn are 
contributing to the shift in approaches to water resources development (Gleick, 2000). 
Growth in population, deterioration of water quality, dwindling supply, increasing costs 
of water service delivery, changing consumption preferences and increasing realization of 
the opportunity cost of water are the main themes behind some these new approaches. 
Traditionally, water has been regarded as a free resource of unlimited supply with 
virtually zero cost; at best, water users have been charged only a proportion of the costs 
of extraction, transfer, treatment and disposal. All associated externality costs of water 
(i.e. water supply delivery) have been ignored and there has been very little incentive to 
Making Urban Rainwater Harvesting Sustainable: Lessons Learned in Chennai                                     
  
 24 
use water efficiently and not waste it. The arguments in favor for assigning a price for the 
use of water have mostly originated from these concerns. Today, it has become clear that 
economic measures such as pricing and demand management instruments have a distinct 
role to play in ensuring more efficient use of water (UN/WWAP, 2003). 
A Ministerial Declaration from the Second World Water Forum at The Hague 
identified the need for the valuation of water. It established valuing water as “one of the 
seven challenge areas”. Two specific targets were identified during the Forum: “one is 
that the economic value of water should be recognized and fully reflected in national 
policies and strategies by 2005; the other that mechanisms should be established by 2015 
to facilitate full cost pricing for water services while ensuring that the needs of the poor 
are guaranteed” (UN/WWAP, 2003). Such standards have been implemented in European 
Union Directives. 
 
2.3 Sustainable development and freshwater resource management 
As mentioned earlier, the term sustainable development has been defined as the 
“development that meets the needs of the present, without compromising the ability of 
future generations to meet their own needs” (WCED, 1987). The Brundtland Commission 
report also highlighted “the essential needs of the world’s poor, to which overriding 
priority should be given”.  
In Environmental Economics (Turner, Pearce and Bateman, 1993), the authors 
argue that sustainable development “must allow for an increase in people’s standard of 
living with particular emphasis on the well-being of poor people, while all the same time 
avoiding uncompensated and significant costs on future people”. They add that 
sustainable development “is therefore economic development that endures over the long 
run”. Notwithstanding the economic perspective of sustainable development, there is a 
growing mountain of literature on the many different interpretations of sustainable 
development, which are sometimes contradictory. This debate can be derived from the 
different approaches and outlooks (pessimistic or optimistic) to wealth creation, good 
health, security and general wellbeing.  
In short, the pessimists, taking their cue from the 1972 study The Limits to 
Growth, argue that with no major change in the physical, economic and social 
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relationships that have traditionally governed world development, society in less than 100 
years will run out of the nonrenewable resources on which the industrial base depends. 
Therefore, it is urgent to limit population, pollution and economic growth. Meanwhile, 
the optimists, championed by the book The Next 200 years: A Scenario for America and 
the World (Kahn, Brown and Martel, 1976), say that tampering with the growth process 
would consign to the residents of the poorest developing and developed countries alike to 
a life of poverty, a life without hope. “In contrast, they see continued growth as providing 
continued betterment for both groups; although, due to an expected decline in the gap 
between the rich nations and the poor, those in the poorest nations would benefit most 
from continued growth” (Tietenberg, 1992).    
Sustainable development offers relevance and meaning in today’s society (Turner, 
Pearce and Bateman, 1993). Still, the accepted concept of sustainable development 
requires the world to find a balance between economic, social and environmental 
development so that current consumption habits and lifestyles do not jeopardize those of 
future generations. But how sustainability principles are translated into different 
operational practices in policy-making throughout the world remains uncertain. 
Nevertheless, the rationale for the sustainable development and management of 
freshwater resources is articulated in Chapter 18 of Agenda 21:  
“Water is needed in all aspects of life. The general objective is to make certain 
that adequate supplies of water of good quality are maintained for the entire 
population of this planet, while preserving the hydrological, biological and 
chemical functions of ecosystems, adapting human activities within the capacity 
limits of nature and combating vectors of water-related diseases. The multi-
sectoral nature of water resources development in the context of socio-economic 
development must be recognized, as well as the multi-interest utilization of water 
resources for water supply and sanitation, agriculture, industry, urban 
development, hydropower generation, inland fisheries, transportation, recreation, 
low and flat lands management and other activities” 8  
  
Further recommendations to implement Chapter 18 were taken up by various 
UNCSD initiatives throughout the 1990s and into the new millennium. Currently, global 
water challenges and future targets for sustainable water management are stated in the 
2000 Millennium Development Declaration, which includes access to safe drinking water 
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as one of its Millennium Development Goals. The Millennium Development Declaration 
was inserted into the Plan of Implementation at the 2002 Johannesburg World Summit on 
Sustainable Development. At this summit, world governments made the following 
declaration on sustainable development in paragraph 11 of the Declaration on Sustainable 
Development:  
“We recognize that poverty eradication, changing consumption and production 
patterns and protecting and managing the natural resource base for economic and social 
development are overarching objectives of, and essential requirements for sustainable 
development” (UN/WWAP, 2003).    
Still, water problems persist and there is growing fear in the international 
community that future conflicts over water supply can erupt if efforts are not made to 
make global water consumption sustainable for future generations. At the Third World 
Water Forum in Kyoto in 2003, UN Secretary-General Kofi Annan was quoted saying 
“water is likely to become a growing source of tension and fierce competition between 
nations, if present trends continue” (Ibid). The Fourth World Water Forum will be held in 
Mexico in March 2006. The main theme of this forum will be “Local Actions for a 
Global Challenge” (World Water Council, 2004). According to the World Water Council, 
the guiding principles of the Fourth World Water Forum are the following: 
1. Water is a multi-stakeholder issue and therefore has to be considered a 
political problem that requires the creation of inclusive and representative 
deliberative arenas for a horizontal democratic communication between all 
stakeholders. 
2. The valuing of local knowledge and experience and the enabling of local 
action and capacity building is paramount for pursuing effective and 
democratic solutions to water problems. 
3. The role of the state is changing dramatically from that of an interventionist to 
an enabling state, an enduring process of decentralization and statecraft that 
requires further debate, paying particular attention to the context of 
developing countries. 
                                                                                                                                                                             
8
 UNDESA – Division for Sustainable Development quoting Chapter 18 of Agenda 21, 
www.un.org/esa/sustdev/sdissues/water/water.htm (accessed: May 12, 2004) 
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4. The financial challenges faced by water polities are central for development 
and therefore deserve special attention and commitment from part of all 
stakeholders. 
5. The Forum is an output-oriented process that seeks to make a difference and 
an impact on the livelihood conditions of people and specially the poor and 
the least advantaged. 
6. The Forum is policy-oriented in that it seeks to contribute to the design, 
revision and implementation of water policies and programs. 
7. It is important to recognize regional situations and trends and thus regional 
results and outputs should be clearly pursued and differentiated.  
8. The Forum is an open participatory process that builds on the knowledge and 
experience of previous Forums and the input of the global water community. 
9. The Forum seeks to transcend the international water community by providing 
interactions with other policy sectors as well as having a wider impact on 
global public opinion and society at large. 
 
2.4 India’s response to sustainable development 
In 1997, the Special Session of the UN General Assembly set a target date in 2002 
for the formulation and elaboration of national strategies for sustainable development. It 
set up guidelines for reporting on national sustainable development strategies (NSDS). 
However, India does not yet have an NSDS. Instead, the strategies of sustainable 
development are contained in the National Five Year Plans (at present the 10th Five Year 
Plan is operational). India has set various sustainable strategies for achieving sustainable 
development since its 8th Five Year Plan. These strategies can be viewed in several sector 
policies such as National Water Policy, the Health Policy and other policy statements 
pertaining to economic and social concerns. Nevertheless, Indian government officials 
say the country has “initiated the process of preparing” an NSDS to meet its commitment 
to the Johannesburg Plan of Implementation by implementing a national strategy by 2005 
(UNCSD).  
Whether India is dragging its feet on its sustainable development commitment is 
uncertain. However government officials have publicly voiced their concern to the 
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struggles developing countries face in meeting their international commitments. In a 
statement at the 2002 Johannesburg Summit, Indian Minister of External Affairs 
Yashwant Sinha said that “the concept of sustainable development puts an unequal 
burden on developing countries as their developmental aspirations are considered 
potentially threatening to the prosperity of the developing countries and come under close 
scrutiny”. Sinha continued: “On the other hand, the developed who by definition have 
transcended the challenges of development, pursue growth and increased prosperity 
without similar scrutiny with regard to sustainability. Issues such as good governance, 
democracy, debt reduction, poverty alleviation, social and health questions, of primary 
importance in themselves, are being used to maintain undue focus on the problems of 
developing countries and deflect attention away from the core responsibilities of the 
developed world”. Sinha added that sustainable development was conceived as a 
“unifying philosophy”. It was born, he said, out of the “combined idealism” of the 1992 
Rio Summit, where the participants, despite their differentiated responsibilities and 
capabilities, had pledged to act in a concerted manner for the greater good of mankind 
(UNCSD, 2003). 
Two years later, at the Delhi Sustainable Development Summit 2004, Sinha said 
that India has sacrificed development and quick prosperity for the sake of upholding its 
commitment to sustainable development. “Developing countries such as India have 
voluntarily sacrificed the easier option of developmentalism, which provided a popular 
path to the quick prosperity of the first world, and opted for alternatives that are 
responsible and accountable to present and future generations. This was not an easy 
choice”9 
A good example for the challenge India faces in meeting international targets can 
be a comparison of its own targets for water availability and sanitation compared to the 
Millennium and Johannesburg summit goals. India has its own targets for both rural and 
urban water and sanitation availability. With regards to urban water and sanitation 
availability, India aims to achieve 100% coverage in urban water supply by 2007, and 
75% urban sanitation by the same year. This means that about 43 million additional 
people in urban areas will have to be covered by water supply and an additional 31 
                                                          
9
 Summit Bulletin – Delhi Sustainable Development Summit 2004, February 4-7 
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million people with sanitation by 2007. In order to meet the Millennium and 
Johannesburg summit goals, the figures will be about 88.5 million and 92.5 million 
additional for urban water supply and sanitation, respectively. For the global 2025 goals 
to be met, the figures will be about 236.5 million and 240 million people (from the 2015 
levels) respectively (PC, Government of India, 2002). 
In terms of sustainability, India’s government has recognized and acknowledged 
that it alone will not be able to provide necessary expansion of services to a growing 
population, which currently stands about 1.03 billion. The center government sees the 
need for a shift of its role from that of a service provider to that of a facilitator, which will 
empower and enable local communities to act as agents of social change. While drinking 
water is a fundamental social right, this right needs to be carried out keeping in mind that 
water is an economic good, according to the government. Strategies being 
adopted/advocated for sustainability of water sources include rainwater harvesting, 
artificial recharge of aquifers, conjunct use of surface and groundwater, revival of 
traditional water harvesting and management systems such as ponds, temple tanks, 
checkdams, etc. (Ibid). 
Advocating sustainable development is one thing, but does India, or any other 
country for that matter, measure and monitor sustainability? Mentioning “sustainability” 
in its National Water Policy is one thing, but how does India, or any other country for 
that matter, measure and monitor the sustainability of the three pillars?  
To measure economic sustainability, the World Bank uses an indicator called 
“genuine domestic savings (GDS)” to determine whether countries are saving for 
sustainable development. This indicator adjusts the GDS for the depreciation and 
depletion of both manmade and natural assets of a country, and adds expenditure on 
education (a measure of investments in human capital). India’s rate of genuine domestic 
savings was 9% of GDP in 1999, lower than the world average of 15%. India’s education 
expenditure was 3.3% of GDP in 1999, lower than the world average of 4.5%. India’s 
mineral depletion, net forest depletion, and carbon dioxide damage were all higher than 
the world average. This reflects India’s greater reliance on natural resources. A positive 
depletion figure for forest resources implies that the harvest rate exceeds the rate of 
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natural growth. While calculating a country’s GDS is a good snapshot of whether it is 
saving for sustainable development, the indicator is not comprehensive. 10 
Meanwhile, the Commission on Sustainable Development (CSD) is putting 
pressure on countries to find indicators for sustainable development at the national level. 
The CSD has been monitoring different countries initiatives through questionnaires. The 
following is an example of a recent exchange between CSD and India’s S.K. Joshi, the 
director of the Ministry of Environment and Forests and contact person responsible for 
indicators of sustainable development (CSD, 2003): 
Question: Do you have a national program or initiative to develop and/or use 
indicators for sustainable development? 
 
Answer: “The Government of India has undertaken a pilot activity for 
development and implementation of country specific indicators for sustainable 
development. Under this project, country’s specific Indicators will be developed 
for three pillars of sustainable development namely social, economic and 
environmental. In addition to development of indicators, the project envisages 
their pilot testing as well as creation of an institutional mechanism for long term 
reporting needs in the country” 
 
Question: Is there an established coordinating mechanism in the country at the 
national level for indicators for sustainable development? 
 
Answer: At present, social, economic and environmental indicators are monitored 
by different agencies. Planning Commission has developed human development 
index combining the social and economic indicators. The initiative taken by 
Ministry of Environment and Forests is expected to address environmental 
dimension and come out with a combined list of sustainable development 
indicators. At the national level Central Statistical Organization and other 
Ministries have their own databases, which will feed into the process of 
sustainable development indicators.  
 
Question: Do you participate in any regional or international programs on 
indicators of sustainable development? 
 
Answer: India is developing its own set of indicators and at present is not a party 
to any regional or international program on sustainable development indicators. 
 
 
 
 
                                                          
10
 Business India, Green India Supplement, (2004, February 2-15), which cites World Bank Development 
Indicators, 2001, World Bank as its source. 
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Question: What are the three most difficult problems in the establishment of 
indicators of sustainable development in your country? Please indicate the order 
of priority. 
 
Answer: 1. Definition of a set of indicators which are relevant through the 
country, especially in view of different socio-economic and environmental 
concerns in the urban, rural and other geographical regions. 2. Addressing data 
requirements and aggregation of local indicators at the national level. 
 
This chapter has reviewed the global perspective of water resources and 
sustainable development as well as the development and evolution of international 
agreements and declarations made to encourage sustainable water management practices. 
It also shed light on India’s reflection on sustainable development. Several conclusions to 
this chapter are summarized: 
• Water is a renewable resource, but its availability is finite. Rapid 
population growth and increased total water consumption are depleting 
the availability of water. 
• Water is a fundamental social right, but it should be treated as a limited 
resource. Water should also be viewed as an economic good. 
• Sustainable development offers relevance and meaning in today’s 
society. However, its interpretation and execution must be put into 
context of the various socio-economic and ecological parameters in 
different countries around the world. 
• The main theme of the Fourth World Water Forum in Mexico in 2006 
will be “Local Actions for a Global Challenge”.  
• India is aware of the relevance and meaning of sustainable development. 
But it sees its commitment to sustainable development as a sacrifice to 
the quick economic development once enjoyed by developed countries at 
the expense of developing countries. 
• While strategies are being adopted/advocated for sustainability, it is 
difficult to define a set of relevant indicators for various socio-economic 
and environmental concerns. 
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3. INDIA’S WATER CHALLENGE 
 This chapter gives an overview of how irrigation and water resource management 
in India have evolved from thousands of years of traditional community-based 
approaches during the pre-colonial era to the massive central planning development 
schemes shortly after independence from British rule in 1947. It reviews water rights, 
disputes settlement and sustainable water management and how they have shaped India’s 
National Water Policy. These discussions are necessary to understand why some Indians 
are looking back at traditional solutions to resolve current water availability problems. 
 
3.1 Dying wisdom 
In Dying Wisdom (Anil and Sunita, 1997), the authors tell how Gustaf Froding, a 
famous 19th century Swedish poet, described the wealth and image of India long before 
industrialization had evolved in Europe: 
 
“I wish I were in Indialand  
And Indian were itself 
With pearls as pebbles and rubies as sand 
And castles dreamt forth by Akbar’s hand  
At the shore of a holy stream”  
 
India was probably the richest country in the world throughout the first 
millennium thanks in large part to its precious natural minerals, robust crop production 
and savvy water-harvesting skills. India’s wealth has always been linked to agriculture. 
The rulers of the ancient era had recognized the importance of agriculture as a revenue 
generator. They developed fields for crop production and constructed large tanks, wells 
and canals for irrigation. They encouraged local nobles and other ordinary people to build 
water-harvesting structures near their local temples. Revenue-free land was granted to 
those communities who invested in and maintained their own irrigation structures. 
Essentially, villages were like little republics. Villagers managed their own resources 
judiciously. The local villages economies were strengthened by rich crop production, 
which had also supported towns and cities. Land and water resources were used in such a 
way that the socio-economic impacts from the monsoon variations were minimal (Anil 
and Sunita, 1997).      
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The people of India have been dependent on seasonal monsoons for water, food 
and wealth throughout time. Because of the country’s diverse geological landscape – 
hills, mountains, deserts, semi-arid plains, jungles, etc. – every town and city needed a 
system for water management and distribution for its own survival. Therefore, there has 
been a strong need for water storage facilities for domestic purposes and irrigation 
systems for agriculture. Indians built water-harvesting structures that were not only 
technically sound but also helped them during famine and drought. Each community 
owned and maintained its own water harvesting system. Colonel Thomas Munro, in his 
report on Anantapur in southern India of May 15, 1806, described Indian villages: 
‘“Every village, with its 12 ayangadees as they are called, is a kind of republic, 
with the potail at the head of it, and India is a mass of such republics. The 
inhabitants, during war, look chiefly to their own potail. They give themselves no 
trouble about the breaking up and division of Kingdoms; while the village 
remains entire, they care not to what power it is transferred; wherever it goes the 
internal management remains unaltered; the potail is still the collector and 
magistrate, and head farmer. From the age of Manu until the day the settlements 
have been made either with or through the potails.’” 
 
Munro depicted villages as little republics, which were managed by a potail 
(headman) and his ayangadees (officers). He pointed out that the so-called republics were 
not influenced by outside political events. Therefore, each village had established a set of 
common rules. The agricultural lands were private property, however, the water tanks 
and ponds were communal property (Ibid).  
In fact, water harvesting in India dates back thousands of years. From 3000-1500 
BC, some of the settlements of Indus valley civilization had water harvesting and 
drainage systems. While the different systems have been refined over time, their concepts 
remain in place to this day. For instance, a sophisticated water-harvesting system was 
established more than one thousand years ago in a place near Allahbad to channel water 
from the Ganges. During the monsoon seasons, floodwater from the Ganges flowed to 
man-made canals and eventually passed through three tanks. Before entering the first 
tank, the water passes through a silting chamber where the dirt settles and the relatively 
clean water is collected in the first of the three tanks. Pure water from the first tank is 
collected in the second tank, which is used as the primary source of water supply. The 
final tank is circular in shape with a series of wells in its bed in case the water evaporates 
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in the tanks. This circular tank is supplied with a waste weir with a number of spillways 
for the excess water to be channeled back into the river (Ibid). 
Different harvesting structures have been built over the centuries in India. The 
designs of these structures vary from region to region. In northern India, there are kundis. 
The kundis (see Figure 1) of Rajasthan in northern India are unique structures. They are 
like huge concrete saucers on the ground. These are used to collect rainwater for the 
needs of the local people and farm animals. A kundi essentially is a circular underground 
well. Its saucer-shaped catchment area gently slopes towards the centre. The water enters 
the well through a wire mesh, which prevents debris from getting in. The inner walls of 
the well are disinfected with lime and ash. The wells are covered with dome shaped lid to 
protect the water. However, kundis are relatively expensive to build because they require 
a significant amount of space and labor. Thus, public kundis were often constructed for 
communities with little economical resources. Rajasthan is a desert state, though its water 
problems were decreased to a large extent because of kundis (CSE, 2004).  
 
Figure 1: Kundis of Rajasthan11 
 
Source: Center for Science and Environment 
 
Kuis are found more in Bikaner and Jaisalmer regions of Rajasthan. These are 
structures dug near tanks to collect water seepage. These are also used to harvest 
rainwater. They have a narrow opening and it widens as it is dug in the ground. This 
arrangement prevents water from evaporating. These structures are entirely built from the 
earth. They are covered with wooden planks to protect the water inside (CSE, 2004). 
                                                          
11
 Center for Science and Environment, http://www.rainwaterharvesting.org/Rural/Rural.htm 
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Virdas are the major means of water harvesting for the Maldharis, nomads of Gujarat.  
These are shallow wells dug in low depressions called jheels to collect rainwater (Anil 
and Sunita, 1997). In some areas of Himachal Pradesh, people depend on diversion 
channels called kuls for irrigation. They carry water from glaciers to villages. Some of the 
kuls are 10 km long and they often worked for centuries. The important part of a kul is its 
head, which is to be kept free of debris, as this is where the glacier is tapped. The water in 
these kuls is directed into a circular tank in the village (CSE, 2004). In southern India, 
temple tanks and eris (village tanks) played an important role. In fact, the tank systems in 
southern India were so efficient that they still play a major part of the irrigation process 
today. 
So what happened to these traditional methods? Some are still in use, like the 
kundis of Rajasthan. Others are in the process of revival, namely the temple tanks in 
southern India. Some were phased out because of hygiene and safety concerns. People 
using water directly from ponds and lakes became subjected to deadly water-borne 
diseases (e.g., cholera, typhoid, dysentery, diarrhea, hepatitis), water-based diseases (e.g., 
Liver fluke and Guinea worm disease) and water-related diseases (e.g., malaria, Dengue 
fever and sleeping sickness). These diseases take millions of lives each year, especially 
children. As the civilization advanced, people started taking water from wells as they 
were considered to be safer than lakes and ponds. However that proved not to be the case. 
Open wells were replaced by borewells and hand pumps, which tap into purer water from 
underground aquifers. Eventually, government agencies started to use water supply 
schemes to provide protected potable water through overhead tanks with stand posts, 
which are frequently seen throughout the India today.      
However, in Dying Wisdom, (Anil and Sunita, 1997), the authors focus on a 
different story. They argue that most of the traditional community-based, water-
harvesting methods were lost during Britain’s control over India.  In 1600 AD, the 
British-held East India Company had monopoly privileges on all trade in the East Indies. 
The East India Company, which controlled a major part of India, formally came under the 
regulation of British government in the second half of 18th century. But, at that time both 
England and the company were in a state of financial doldrums. To help stave off an 
economic crisis, the company and country decided to increase taxes on Indians. The taxes 
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were collected irrespective of the yield, which meant that sometimes farmers had to give 
away their entire crop as taxes. This led the Indian farmers into a state of depravation. 
Most of the crops and land were given up in the form of taxes. This trend resulted in the 
demise of the villages, or as Colonel Munro had referred to them: “little republics”. And 
the break-up of villages led to poor maintenance of the traditional water harvesting 
systems and eventually their demise. The East India Company ruled India until 1875, the 
year of great mutiny. India was then put under direct rule of the British Crown until 
independence in 1947. Much of India’s traditional agricultural and water management 
programs were dissolved, which paved the way for large-scale irrigation schemes. 
 
3.2 Irrigation and self-sufficiency 
Since India’s independence in 1947, irrigation and hydroelectric power have 
dominated the development of India’s river water resources. The explosive growth of 
industry and energy demand over the past 57 years has made many of India’s large rivers 
home to massive multipurpose projects, which provide for irrigation, electricity 
generation and flood control. Irrigation and flood control is vital. The reasons for this 
have much to do with the physical makeup of India as they have to do with the country’s 
self-sufficient agricultural policy. In the late 1960s and early 1970s agriculture and 
irrigation played a significant role in helping India eradicate famine and poverty 
(Ramana, 1992; Keay, 2000). 
India has a relatively small proportion of the earth’s water resources and 
landmass, though its 1.03 billion inhabitants (2001 Census) make up about 16% of the 
world’s total population. The geographical area of the country is 329 million hectare (ha), 
or only about 2.5% of the earth’s landmass. Precipitation plays an important role for 
India’s water resources. Total precipitation, including snowfall, is about 4,000 billion 
cubic meter (BCM), of which 1,869 BCM is available from surface water and renewable 
groundwater. But only 60% (690 BCM from surface water and 432 BCM from 
groundwater) can be used because of topographical and other constraints. Meanwhile, 
precipitation occurs just three or four months in a year and varies from 100 millimeters 
(mm) in the northwest to over 10,000 mm in the northeast. The uneven rainfall results in 
flood and drought, which affect vast areas of the country. One-sixth area of the country is 
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prone to drought, while 12% of the area is prone to flood (Government of India, MOWR, 
2004). 
India’s irrigated agriculture sector has been broadly instrumental in the country’s 
economic development and poverty alleviation. The rapid expansion of irrigation and 
drainage infrastructure has been one of India’s major achievements, particularly as the 
country moved away from famine to becoming self-sufficient in food grain production. 
From 1951 to 1997, gross irrigated areas expanded fourfold, from 23 million hectares to 
over 90 million hectares. Today, irrigation continues to be the single largest use of 
freshwater in India. However, this achievement has been at the cost of groundwater 
depletion, water logging and increasing salinity levels affecting large areas of the country 
(PC, Government of India, 2002). The growing demand for water, coupled with India’s 
growing population has put much pressure on the physical system. There are fewer places 
to build large-scale dams though more irrigation will be needed in order for India to 
sustain its agricultural sector. The government knows the water situation is precarious. 
“The future could be grave, if immediate timely actions are not taken to ensure adequate 
food supply and safe drinking water over a larger time span. In view of the severe 
disparity in regard to water and land, optimal use thereof is inevitable to ensure 
comfortable living to the people of India (Government of India, MOWR, 2003).  
In its 2002-2003 annual report, the Ministry of Water Resources (MOWR) said 
that 5.5% of the geographical area and 7.6% of population of the country was under 
absolute scarcity conditions. It said water availability was less than 500 cubic meters per 
head per year. It forecast the per capita availability to decline to about 1,341 cubic meters 
from about 1,820 cubic meters by 2025, largely because of an increase in population. 
India’s population is expected to grow to nearly 1.4 billion by 2025 from about 1.03 
billion today.    
Based on a 2000 government report, projections of water demand were made for 
different years until 2050 (MOWR, 2003). From the data in Table 1 (next page), it is 
clear that irrigation will continue to dominate water demand. However, it can be argued 
whether this is a sustainable trend. For instance, by keeping irrigation demand steady 
from period 2010 to 2025 (i.e. increasing food imports), the demand savings are far more 
than enough to cover the drinking water demand for the same period.  
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Table 1: Projections of water demand in India  
Sector Water Demand (BCM) in the year 
 2010                      2025                     2050 
Irrigation 688                        910                       1,072 
Drinking (including livestock)  56                           73                          102 
Industrial  12                           23                            63 
Energy    5                           15                           130 
Others  52                           72                             80 
Total 813                       1,093                      1,447 
 Source: Government of India, Ministry of Water Resources (2003)  
  
Another significant impact on water supply has been the increase in urban 
demand for water as population shifts from rural areas to metropolitan centers. Tables 2 
and 3 below illustrate this shift. 
 
Table 2: Increasing Urbanization 
 1951 1991 2001 2021 
(projected) 
No. of Urban Agglomerations/ 
Towns 
 
2795 
 
3768 
 
4378 
 
Urban Population (In million)     62   217   285  550 
As percentage of total population   17.3%   25.72%   27.8%   41% 
Source: Central Public Health and Environmental Engineering Organization/Planning Commission (2002) 
 
Table 3: Growth of Metro Cities 
 1981 1991 2001 
Number of Metro Cities with  
over 1 million Population 
 
12 
 
23 
 
35 
Population (million) 42 70 108 
Percent of Urban Population  26 32 37.8 
Source: Central Public Health and Environmental Engineering Organization/Planning Commission (2002) 
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The sector demands for water (drinking water, industry, agriculture, and others) 
are growing rapidly in line with population increases, rising incomes and industrial 
growth. At the same time, cities and towns in India are fast emerging as centers of growth 
thanks to economic reform, liberalization and globalization. In fact, recent estimates 
reveal that urban centers in India contribute more than 50% of the country’s GDP, 
although they account for less than one-third of the country’s population. It is estimated 
that by 2025, more than 50% of the country’s population will live in cities and towns. 
This trend is largely the result of India’s massive growth in technology and science, 
coupled with a series of economic reforms that have deregulated the economy and 
stimulated domestic and foreign investment (PC, Government of India, 2002). 
Population growth generally goes hand-in-hand with pollution problems, 
particularly in developing countries. In India, pollution is a vexing problem. All of the 
country’s 14 major rivers are badly polluted. Together they transport 50 million cubic 
meters of untreated sewerage into India’s coastal waters every year. In India’s capital 
city, New Delhi dumps about 200 million liters of raw sewerage and 20 million liters of 
industrial wastes into the Yamuna River each day as the river passes through the city on 
its way to the religiously revered Ganges River (Hinrichsen, D., Robey, B., and 
Upadhyay, U.D., 1997).    
 
 
3.3 Water rights, disputes settlement and sustainable water management 
 
3.3.1 Water rights 
In India, water has diverse social and religious uses and values. Water is 
considered to be the most purifying liquid. India’s rivers are revered and worshipped, 
even if many of them are polluted. All water bodies (rivers, springs and ponds) carry 
some degree of holiness and have associations with many gods and goddesses, 
particularly in Hinduism, the largest practiced religion in the country. In Hinduism, one 
of the most important forms of charity is provision of water. For instance, digging a water 
tank for local temple is one of the great meritorious acts a person can perform in his or 
her lifetime. The rivers are worshipped as goddesses and are offered prayers by the 
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devotees, who take holy dips in the rivers in belief the water would help free them from 
sins. For most of the rivers in India, big festivals called kumbhmela or pushkara are 
celebrated every 12 years. Ponds and tanks are also offered prayers. 
Kautilya, the prime minister of the first emperor Chandra Gupta Mourya 
(321B.C.-297B.C.) of India, writes about the value of water and irrigation development 
in Arthasastra, which is a politico-administrative treatise (Kangle, 1963): 
‘“He should build irrigation systems with natural water sources or with water to 
be brought in from else where. To others who are building these, he should render 
aid with land, roads, trees and implements and also give aid to the building of 
holy places and parks. If one does not participate in the joint building of an 
irrigation work, his laborers and bullocks should be made to do his share of work 
and he should share the expenses but will not receive any benefits from it. The 
ownership of the fish, ducks and green vegetables in the irrigation work should go 
to the king”’   
 
In Arthasastra, Kautiliya recommended ways to generate and manage finances for 
the acquisition and protection of state territories. He acknowledged agriculture as a 
source of revenue for the state. Even back then, people knew about different rainfall 
patterns, soil type and appropriate irrigation techniques in various ecological conditions. 
He divided the country into various regions based on land type, such as forest, desert, 
mountainous regions, wetlands and humid areas, plains and uneven lands. The areas with 
irrigation systems were valued more than the areas reliant solely on rain for crop 
production. Kautiliya further classified the cultivable lands based on their crop potential, 
as well as the water and humidity content. He emphasized the value of human resources 
and organization. He advocated that one of the primary ways to make land suitable for 
agriculture was to provide the land with proper irrigation. A water tax was levied on all 
users of irrigation facilities. Even the people who used their own sources of water had to 
pay a tax. In Arthasastra, Kautiliya stated that those who cultivate their lands by manual 
labor should pay one-fifth of the total produce. One-fourth is charged if water is carried 
manually. If land is cultivated by using water lifts then one-third, and if water is raised 
from rivers, lakes, tanks and wells, one-third to one-fourth of their produce was charged. 
Kautilya has clearly seen water as an important commodity for revenue generation. His 
work explains how water has to be harvested by building irrigation tanks, wells and 
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supports the farmers in their crop production, thereby generating revenue on agriculture 
and also on the water used (Kangle, 1963). 
Even during the era of emperor Chandra Gupta Mourya, rules and regulations 
were made to check the so-called “free-riders” taking advantage of their implied right to 
what was, and still is a limited natural resource. In their working paper, State in 
perplexity: The politics of water rights and system turnover in Tamil Nadu, Janakarajan 
and Rajagopal (2002) write that water rights “are basically a certain kind of institutional 
arrangement, which have emerged over a long period of time in the history of human 
settlement, in order to enable a society or a user-community to act, interact and to 
manage a system”. 
Two types of customary water rights prevailed in India throughout its modern 
history (Janakarajan and Rajagopal, 2002). These are riparian rights and prior 
appropriation rights. Customary (or traditional) water rights, which have evolved over a 
longer period of time, were “based on the community principle that land and water 
belong to the local community and therefore cannot be subject to individual rights of 
ownership or use except by virtue of membership in the community,” the authors said. 
Customary rights, which were recognized by Hindu laws and later by English laws, 
varied from state to state. However, they all had in common the notion of community 
rights and informal arrangements. Customary rights had many advantages compared to 
statutory rights. ‘“Customary law has been dynamic more in tune with the needs of the 
people than dogmatic about certain fixed notions of territory or ownership right… 
Limitless to space and quality, they are broader in approach than the legal systems’” 
(Singh, 1991; Ibid.).  
A riparian right is a right vested in the owner of a land that is situated near a river, 
stream or watercourse. Under this system, the right of a lower riparian is protected to the 
extent of the normal flow of water to them. The right implies that any interference with 
the customary flow of water is wrong. Therefore, no riparian owner is entitled to obstruct 
a public river (i.e. with a dam). In principle, it is agreed that the upper riparian has the 
right to use as much water as possible so long as the “quantum enjoyed by a lower 
riparian” is not diminished. For example, a lower riparian can seek remedial measures in 
a court of law if he believes that there is a reduction in water availability or flow. 
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Similarly, a lower riparian does not have right to flood the lands of the upper riparian by 
building a dam on a river. With regards to drainage, an upper riparian has the right to 
drain excess water through channels without affecting the land of the lower riparian. 
Riparian rights are applicable to only natural water sources and not artificial canal or 
watercourses. Obstruction of these rights is allowed, but only in times of emergency like 
flood. Riparian rights have not been lost in the process of development of the society and 
continue to have relevance today (Janakarajan and Rajagopal, 2002). 
Meanwhile, the theory behind prior appropriation right also views water in its 
natural course as the property of the public. Under this system, the right to use the water 
may be acquired by appropriation and application of beneficial use. For instance, the first 
user establishes a prior right, and subsequent users can only appropriate what is left over 
by the first user. This system dates back to the Roman times and was also adopted by the 
arid and semi-arid western states of the United States of America in its early days. This 
theory is now obsolete because states have acquired full or partial ownership of river 
waters. The one common factor in this theory is that the abstraction of water is by the 
permission of the state or other authorities controlling the use of water. (Ramana, 1992) 
In India, riparian rights have been modified and more importance has been given 
to the prior appropriation system. Accordingly, the rule of “first in time, first in use” was 
adopted which later became law. Thus the concept of “time of appropriation” became the 
basis for the determination of water rights in a system. Individual states have developed 
administrative regulations for appropriating water under major water distribution 
systems. However, some states recognized both riparian and prior appropriation rights, 
which have resulted in complications in the allocation of water and the interpretation of 
water rights (Janakarajan and Rajagopal, 2002). 
It can be argued that water rights are not something that are given to water users 
but were gained or acquired by them over time. Water as a ‘basic need’ is widely 
accepted as a universal requirement. India recognizes this. In the National Water Policy 
2002, the very first point reads: “Water is a prime natural resource, a basic human need 
and a precious national asset. Planning, development and management of water resources 
need to be governed by national perspectives” (Government of India, MOWR, 2002). 
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Nevertheless, the recognition of water as a ‘right’ or ‘basic need’ still does not 
resolve the issue of scarcity and management. Therefore, India also recognizes water as 
an “economic good” which can be useful for making the management of water more 
efficient. However, formal market-based solutions for water have not been applied in 
India.   
 
3.3.2Water disputes settlement 
In India, some water disputes date back many generations. For example, southern 
Indian states Karnataka and Tamil Nadu have been locked in conflict over the sharing of 
Cauvery waters for more than 100 years (Ramana, 1992). Historically disputes have been 
settled by agreements to the apportionment of water, the first such settlement was over 
the Jhelum waters in 1873. Rules and regulations to enable the use of available water 
more effectively, equitably and efficiently have evolved on the basis of ‘water rights’, 
which were introduced in India through various forms of legislation.  
Briefly, the first broad legislative move was the Government of India Act, in 
1935. Water disputes even found a place in the Indian Constitution under Article 262. In 
1956, two other laws, the Inter-State Water Disputes Act and the River Boards Act were 
passed by Parliament (Ramana, 1992). In difficult cases, like the Cauvery water dispute, 
tribunals are used to find a resolution. But this takes time. For instance, the Cauvery 
Water Disputes Tribunal – set up among the states of Karnataka, Kerala, Tamil Nadu and 
Pondicherry – was constituted on June 2, 1990. Since then, the tribunal has taken on 
records statement of the various state governments and experts, has conducted cross-
examinations of witnesses and has conducted arguments. Meanwhile, one of the tribunal 
members had to be replaced because of death. The tribunal is still going.       
Water disputes often arise because many of the developed rivers and underground 
aquifers flow across more than one state, which have different political boundaries and 
needs. There are 25 states and seven centrally administered Union Territories 
(Government of India). The fact that many of the states in India have been formed on the 
basis of language boundaries rather than geography complicates the matter. For example, 
in 1966, Punjab was divided into the states of Punjab and Haryana. However, 11 years 
eaerlier, in 1955, an interstate agreement had been made between the states of Jammu and 
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Kashmir, Rajasthan and Punjab for the overall distribution of the Ravi-Beas river waters. 
The dispute between Punjab and Haryana for the use of Ravi and Beas rivers, when in 
1966, the erstwhile Punjab was divided into the states of Punjab and Haryana. Only 11 
years earlier, in 1955, an inter-state agreement was entered into among the states of 
Jammu and Kashmir, Rajasthan and the composite state of Punjab for the overall 
distribution of the Ravi-Beas waters. After 1966, Haryana wanted its own interest to be 
protected (Ramana, 1992).  
Even if two states agree to share an irrigation or hydroelectric development 
project along the river, there is the problem of sharing socio-economic costs, labor and 
benefits. In Inter-state River Water Disputes in India, M.V.V. Ramana writes that 
problems of inter-state rivers may be classified as the followings: 
• The problems relating to the sharing of waters of an inter-state river or 
stream by different states. 
• The problems relating to the appointment of construction costs and 
benefits of a project developed jointly by more than one state. 
• Questions of compensation to be given to a state, which has been 
prejudicially affected by the implementation of a project by another state. 
• Disputes relating to interpretation of agreements. 
• Complaints regarding excess withdrawals by a state. 
 
India’s 2002 National Water Policy, revised from its first policy in 1987, broadly 
offers two points related to water sharing and distribution among the states. The two 
points are as follows:  
 
1. The water sharing/distribution amongst the states should be guided by a 
national perspective with due regard to water resources availability and 
needs within the river basin. Necessary guidelines, including for water-
short states even outside the basin, need to be evolved for facilitating 
future agreements amongst the basin states. 
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2. The Inter-State Water Disputes Act of 1956 may be suitably reviewed 
and amended for timely adjudication of water disputes referred to the 
Tribunal. 
 
Ramana (1992) states that water disputes in India are generally solved by way of 
political agreements between states or by judicial settlements. Both of these methods 
have their limitations as well as their advantages. Political leaders make political 
agreements. Yet these leaders may not stay in power for a long time. Problems can arise 
if their successors do not accept, in principle, the agreement even though they are bound 
by it. Meanwhile, judicial settlements may not be very popular with the public because 
there is no direct representative involvement of the people. Ramana adds that interstate 
water disputes are often linked to economic potential for the different stakeholders. “The 
economic benefits that may accrue are: increased irrigation and boosting agricultural 
production; an increase in navigation to facilitate easy movement of goods and 
commodities; and the production of electricity, a major industrial input” (Ibid.). 
It is the opinion of the authors of this study that the mention of water disputes is 
necessary when assessing the sustainability potential of rainwater harvesting. If states can 
become self-sufficient with their water supply by harvesting rain, then perhaps there 
would be less pressure on tribunals and political agreements to settle disputes. However 
only time will tell if this is the case.    
 
3.3.3 Sustainable water management 
India’s National Water Policy (2002) addresses the concept of sustainability, 
albeit loosely. It regards water as part of a larger ecological system, important to public 
health and other socio-economic aspects, which need to be addressed by common 
approaches. “Realizing the importance and scarcity attached to the fresh water, it has to 
be treated as an essential environment for sustaining all life forms,” the Policy says. 
“Water is a scarce and precious national resource to be planned, developed, conserved 
and managed as such, and on an integrated and environmentally sound basis, keeping in 
view the socio-economic aspects and needs of the States. It is one of the most crucial 
elements in developmental planning. As the country has entered the 21st century, efforts 
Making Urban Rainwater Harvesting Sustainable: Lessons Learned in Chennai                                     
  
 46 
to develop, conserve, utilize and manage this important resource in a sustainable manner, 
have to be guided by the national perspective” (Ibid.) 
“Planning and implementation of water resources projects involve a number of 
socio-economic aspects and issues such as environmental sustainability, appropriate 
resettlement and rehabilitation of project-affected people and livestock, public health 
concern of water impoundment, dam safety etc. Common approaches and guidelines are 
necessary on these matters” (Ibid.). 
There is little mention of economic sustainability. However, the Policy implies 
that water has an economic value and its price should be based on the principle of ‘cost-
recovery’ for the facilities, which provide various services for the resource. The Policy 
states: “Besides creating additional water resources facilities for various uses, adequate 
emphasis needs to be given to the physical and financial sustainability of existing 
facilities. There is, therefore, a need to ensure that the water charges for various uses 
should be fixed in such a way that they cover at least the operation and maintenance 
charges of providing the service initially and a part of the capital costs subsequently. 
These rates should be linked directly to the quality of the service provided. The subsidy 
on water rates to the disadvantaged and poorer sections of the society should be well 
targeted and transparent” (Ibid.). 
As mentioned earlier, groundwater depletion threatens agricultural sustainability 
and rural and urban livelihoods in India. Besides, the scarcity of groundwater as a 
resource becomes out of reach of the poor, who are unable to afford higher costs of 
extraction and transportation. Groundwater development is mentioned in India’s National 
Water Policy, but the country still lacks an effective policy to manage it, according an 
article in Business India, in a “Green India Supplement”. The article states: 
The National Water Policy of 1987 was revised to reflect major international and 
national developments and culminated in the Water Policy of 2002. Some of the 
thrust areas of the National Water Policy are the emphasis on participation 
among users, improving water quality, emphasis on rehabilitation and 
resettlement in large-scale irrigation projects, the need for an integrated 
approach within the water sector, revamping institutional mechanisms, and 
improving the sustainability of water projects. Given India’s federal structure, the 
National Water Policy remains a mere statement of intent in the absence of state-
level programs. Only some state governments have drafted policies in the past 
five years. Some states have tried to raise prices in irrigation, and some 
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incentives have been built in for state governments to rationalize water tariffs. 
Some states have put in place measures to encourage the formation of water users 
associations to take over functions in operation and maintenance of irrigation 
schemes. There has been a renewed emphasis in recent years on rejuvenating 
aquifers through rainwater harvesting and watershed protection measures. While 
these efforts play an important role in augmenting supply of groundwater 
resources, there remains an important challenge of carrying out these activities 
on a large scale to make a significant difference…   
 
3.4 Central government or state? 
Water supply and sanitation is a state responsibility under the Constitution of 
India and following the 73rd and 74th Constitutional Amendments, the states may give the 
responsibility of powers to the Panchayati Raj institutions (PRIs) and Urban Local Bodies 
(ULBs). Today, the states generally plan, design and execute water supply schemes (and 
often continue to operate) through their State Public Health Engineering Departments (or 
as in the case of some states, Panchayati Raj Engineering Departments or Rural 
Development Engineering Departments) or Water Boards. However, not all states have a 
water policy. The center government has seen the need to over many years for the 
coordination and harmonization of standards. It has also been responsible, through the 
Five Year Plans, for guiding much of the investment in the sector as well as establishing 
other organizations to lend to the States. India has had a series of Five Year Plans (with 
occasional variations) since 1951, reflecting the belief in central planning of a command 
economy (PC, Government of India, 2002). 
States are empowered to enact laws or frame policies related to water, but only a 
few states have set up organizations for planning and allocating water for various 
purposes – under the auspices of the Ministry of Water Resources. Still, there lacks a 
proper legal framework for regulating withdrawals of groundwater. Despite legal efforts 
to check the excessive groundwater extraction through licensing, credit or electricity 
restrictions, these restrictions are directed only at the creation of wells. Furthermore, the 
licenses do not monitor or regulate the quantum of water extracted. The primary concerns 
in the water and sanitation sector involve rapidly falling groundwater levels and the 
pollution of aquifers and surface water. But the problems extend beyond the excess 
withdrawal of groundwater for agriculture. For example, one of the reasons for excess 
withdrawal of groundwater is the extreme subsidization of energy for irrigation pump 
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sets. Other reasons affecting the water balance include the alarming rate of deforestation 
and loss of tree cover, loss of common lands, and complete disregard for traditional 
management systems such as tanks in southern India (Ibid). 
This chapter can be summarized as follows: 
• India’s traditional community-based methods for agriculture and water 
harvesting were faded out during British occupation. Evolving health 
standards to fend off deadly water-borne diseases had also prompted 
change.  
• Large-scale irrigation boomed after independence and helped the country 
move from famine to self-sufficiency. Irrigation is by far the biggest 
consumer of water resources. 
• India’s growing unavailability to fresh water is largely a result of both its 
booming urban populations and rising demands from different water 
sectors such as agriculture and industry. However a small decrease in 
agriculture irrigation can easily cover India’s drinking water demands. 
• Water has diverse social and religious uses and values.  
• Water disputes occur when different stakeholders clash over their riparian 
rights to a limited access to water. Most of the disputes are linked to 
stakeholders’ economic potential to use the water. 
• India’s National Water Policy 2002 loosely mentions socio-economic and 
environmental sustainability. However there lacks an effective policy to 
address important issues like groundwater extraction. 
• Water supply is a state responsibility under the Indian Constitution, but 
not all states have individual water policies. Therefore the Center 
government continues to have a hand in management and harmonization 
of standards.         
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4. CHENNAI: A CASE STUDY 
This chapter reviews in detail Chennai’s water supply system, including how poor 
planning and distribution coupled with the fragmentation of an inequitable water market 
have led to its near collapse. Using the concept of an age-old method in water 
conservation, state officials decided to fight back by writing rainwater harvesting into 
legislation to help save the day. The different methods and techniques for how rainwater 
is captured and utilized in the city are reviewed in specific detail.      
 
4.1 Water supply  
 Chennai, the capital of Tamil Nadu, is the fourth largest city in India. The area of 
the metropolitan city is 170 square kilometers (sq. km), and the population of the 
metropolitan area is about 6 million (Appendix 1:Map). Urbanization and growth of the 
city started in the 17th Century and has been developing rapidly ever since. 
 Traditionally, water supply of the city was obtained solely from shallow wells, 
eris (tanks), ponds and temple tanks. These were managed and maintained by local 
communities. However, the first organized public water supply works was executed in 
1772. It was designed to supply 0.635 million liters per day (mlpd), from a cluster of 10 
wells at Fort. St. George (Vaidyanathan and Saravanan, 2002). But another century had 
passed before the public system was officially opened through a broader supply scheme.  
In 1872, the Chennai City Water Supply was combined with irrigation of 3,500 
hectares (ha) of previous wasteland. In this system, water was taken from the Kortalaiyar 
River to Cholovaram and Red Hills lakes for storage. Further developments, which took 
place after 1907, included the construction of an outlet tower and roughing filters at Red 
Hills Lake, an underground conduit to bring water to the city and slow-sand filters at 
Kilpauk. The new works were designed to supply 160 liters per capita per day to an 
estimated population of 600,600 by 1961. However, the population in 1961 was 1.8 
million. To meet the increasing demand for water in the city, and to increase the available 
yield from the catchment (a structure used for collecting or draining water), a new 
reservoir was constructed between 1940 and 1944 across the Kortalaiyar River at Poondi. 
The authorities decided to discontinue the irrigation supply sometime in the mid 1950s. 
Meanwhile, the treatment capacity at Kilpauk was increased by the provision of rapid-
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gravity filters. An additional conduit to carry the raw water to Kilpauk was installed (this 
was strengthened by the addition of a third conduit in the 1980s). Still, population and 
expansion of the urban area continued. Distribution lines were extended periodically, 
which eventually had led to the establishment of Zonal System of distribution in 1954. 
Twelve water zones were formed with an aim to supply water to the consumers equitably 
at adequate pressures. Yet groundwater continued to be drawn from shallow wells within 
the city boundary, particularly in the suburbs. Further groundwater development occurred 
after 1968 based on a United Nations Development Program (UNDP) study, which 
recommended the development of the Arani-Kortalaiyar aquifer to the northwest of the 
city.12 
By 1970-1972, according to the Chennai city water supplier, additional so-called 
“Head Works” at the following locations were commissioned: Anna Poonga (formerly 
Robinson Park), Southern Head Works, and K.K. Nagar. To contend with the city’s 
growing population and infrastructure expansion, the Chennai Metropolitan Water 
Supply and Sewerage Board (CMWSSB) was formed by an Act of the legislature of 
Tamil Nadu and financial backing from the World Bank. From 1978, the CMWSSB (also 
known as Metro Water) has taken on the task of consolidation and gradually expanding 
the water supply and sewerage systems. 
Today, Chennai’s main source of water supply comes from three lakes, namely 
Red Hills, Cholavaram and Poondi (see Appendix for city map). From January 2000, 
Chembarambakkam has been used as a supplementary source. During the rainy season, 
which is three to four months of the year, two small lakes Erattai Eri and Porur are also 
used as a source of supply. The capacity of the different lakes can be found in Table 4 
(next page): 
 
 
 
 
 
                                                          
12
 Chennai Metropolitan Water Supply and Sewerage Board website: 
http://www.chennaimetrowater.com/operationmain_main.htm 
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Table 4: Water capacity of lakes in Chennai 
Name of the Lake Million Cubic Feet/(cubic meters) 
Poondi 3,231 /(91.5) 
Cholavaram 881 /(24.9) 
Red Hills 3,300 /(93.4) 
Chembarambakkam 3,645 /(103.2) 
Rettai Eri 32 /(0.9) 
Porur 15 /(0.4) 
  Source: Metro Water, 2003 
  
Additionally, interstate rivers offer another source of water supply to Chennai. In 
1983, Tamil Nadu and neighboring state Andhra Pradesh agreed to a water exchange of 
the Krishna River. The so-called Telugu-Ganga Project agreement requires Andhra 
Pradesh to deliver at the border of Tamil Nadu (at a constant rate of 1000 cubic feet per 
second/28.3 cubic meters per second) eight billion cubic feet/226.5 million cubic meters 
of water during July to October and four billion cubic feet/113.2 million cubic meters 
during January to April each year (Metro Water, 2003).  
 Meanwhile, Metro Water has developed seven well fields and 74 deep bore wells 
for access to groundwater. The seven well fields are: Poondi, Tamaraipakkam, Flood 
Plains, Kannigaipair, Panjetty, Minjur and Southern Coastal Aquifer. Apart from this, 
Metro Water has executed water purchase agreements with private agricultural owners. In 
total, the city extracts about 100 million liters per day from the different groundwater 
sources to be used by industry and city residents. 
 
4.2 Water treatment and distribution 
 In Chennai, water is treated at three treatment plants (Red Hills, Kilpauk and K.K. 
Nagar) before being distributed throughout the city by way of pipe connections or mobile 
tankers. To meet the growing demand for water, Metro Water said it has been developing 
its so-called “Water Supply & Sewerage Master Plan”. This plan contemplates 
introducing a concept of self-sustaining Zonal Distribution Systems, each with its own 
reservoir, distribution station, necessary pumping systems and network of water 
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distribution arrangements. Chennai will be divided into 16 different zones compared to 
the 12 zones used today. The Master Plan is in the process of being phased in under the 
auspices of the World Bank and Chennai city authorities. 
Otherwise, mobile water tankers supply the “unserved” and defective areas of the 
city. The water is tested at all levels and distribution to ensure its quality. Reverse 
Osmosis Plants have been constructed and put in use to treat brackish water. The water, 
after treatment to drinking quality standards, is then distributed to various economically 
challenged sections of the city. 
Chennai authorities take periodic samples of the water in order to meet World 
Health Organization standards. Monthly water samples are taken from the three lakes 
while treated water from the water treatment plants is collected from test taps. The 
samples are examined for physical, chemical and bacteriological standards. About 500 
samples are collected from the city’s distribution system every month for analysis. Also, 
100 samples are taken in the distribution network daily for minimum level of residual 
chlorine to ensure the water is safe for drinking. The water supplied to the public must 
meet the Indian Standard Drinking Water – Specification (BIS 10500: 1991). The 
physical, chemical and bacteriological content of water should not exceed the limits 
shown in the table (Appendix 2) (Metro Water). 
Meanwhile, the sewage collection from the city is carried through various 
pumping stations to various sewerage treatment plants for treatment and disposal. At 
present, the existing sewerage system covers about 97% of the Chennai city, which is a 
total length of 2,300 km. According to Metro Water, it is also encouraging recycling of 
wastewater by providing secondary treated sewage to Chennai Petroleum Corporation 
Ltd. and Madras Fertilizer Ltd., and raw sewage to a private power company. 
 
4.3 Chennai water market 
Water supply for domestic use in Chennai urban area has been a source of 
concern for decades and in recent years, the ability of the Metro Water Board to meet 
demand has fallen far short of available supply (Moench and Janakarajan, 2002). This is 
depicted in Table 5 (next page). 
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Table 5: Official water supply conditions in Chennai 
Yea
r 
Pop. 
(mln
) 
Water 
require
d in 
Chennai 
(mld), at 
158 lpcd 
Demand 
with 
unrestricte
d supplies 
(mld), at 
460 lpcd13 
Actual  
Supply 
(mld) 
Domesti
c 
+ 
Industry 
Cost of 
supply 
to 
Chenna
i per cu. 
meter 
(Rs) 
Supply as 
pct. 
baseline 
requiremen
t 
Supply 
as pct. of 
probabl
y 
demand 
1995 4.19 662 1927.4 300 + 65 8.8 45% 16% 
1996 4.28 676 1968.8 295 + 65 8.23 44% 15% 
1997 4.37 690 3015.3 345 + 68 9.3 50% 11% 
1998 4.46 705 3144.3 381 + 48 10.2 54% 12% 
1999 4.56 720 3283.2 413 + 37 15.11 57% 13% 
Source: Metro Water Board, Government of Tamil Nadu (Moench and Janakarajan, 2002) 
  
As the above table indicates, water deliveries (actual domestic supply) are about 
half the government norm for urban water requirements in the Chennai urban area and 
only a small fraction of the demand that would probably be present if supply were 
unrestricted and delivered at the highly subsidized rates found in other urban centers.  
In Chennai, the water demand is restricted because piped water does not reach 
many parts of the city on a regular basis, particularly in water-short years. In July 2000, 
for example, piped water supply was only 59 liters per capita per day. In response, Metro 
Water installed 4,525 tanks and hired 400 trucks of 9,000-12,000 liter capacity to make 
water deliveries to underserved areas.14 But these proved to be insufficient to meet 
demand and residents often had to make substantial bribes to drivers and Metro Water 
authorities to obtain their deliveries.15 This kind of situation has created the conditions for 
a flourishing and extensive water market, albeit “black and gray” in some cases, in the 
Chennai urban area.  
                                                          
13
 This is a reference figure based on actual use in one city, Gandhinagar in Gujarat, where supplies are 
unrestricted. It is indicative of the demand that might be present if supplies were completely unrestricted 
(Moench and Janakarajan, 2002). 
14
 The Hindu, July 7, 2000 
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 During the rainy seasons, some 2,000 private tanker trucks with 12,000 liters 
capacity bring raw water to Chennai, from over 200 kilometers outside of the 
metropolitan area, according to a Metro Water official and Moench and Janakarajan 
(2002). Meanwhile, there are about 150 different private companies that purify the water 
for drinking and deliver it in 12 liter cans, 1-2 liter bottles and small (250 milliliter) 
plastic packets. The tanker trucks alone are estimated to make at least three trips per day 
during the rainy season, equivalent to delivering 72 million liters per day, and this 
doubles to about 144 million liters per day during the dry season. When Metro Water is 
only able to deliver 59 liters per capita per day to the 4.6 million residents, their total 
delivery capacity is about 269 million liters per day. In this situation, private tankers are 
supplying 35% of the total demand and their supply capacity is about 54% of the Metro 
Water supply capacity. In addition, there are numerous small companies, which operate 
only one or two tankers. They bring water either from their own wells or purchase it from 
farmers and other well owners. Many small purification companies are also present, each 
with their own facilities and each operating independent of any external check on the 
quality of the water they supply (Moench and Janakarajan, 2002).  
Therefore, according to Moench and Janarkajan (2002), prices charged for water 
supply in the public and private sector vary greatly. The official (subsidized) charge for 
water from direct tap connections is 0.14 Rupees (Rs.) per cubic meter and supplemental 
deliveries by tanker Rs. 50 per cubic meter. During the rainy season, tanker owners 
charge regular customers about Rs. 400 for a full 12,000 liters tanker load of water (Rs. 
33 per cubic meter and during the dry season Rs. 450. The rate is higher for occasional 
customers; about Rs. 500 and Rs. 540, respectively. During droughts the rate increases 
still further up to Rs. 800 per tanker load. Although market data are not available, Metro 
Water officials have reportedly demanded Rs. 600 (as bribe) for sending 9,000 liters 
tankers to some localities.16  
There is a massive increase in the cost of water between initial purchases in both 
private and public sources. For example, farmers and other well owners typically sell 
water to transporters at Rs. 3.3 per cubic meter, while consumers pay a minimum of Rs. 
                                                                                                                                                                             
15
 The Hindu, August 8, 2000 
16
 The Hindu, August 8, 2000 
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33 per cubic meter for bulk raw water during the rainy season and as much as Rs. 20,000 
per cubic meter for purified water when it is sold in 250 milliliter (ml) plastic packets for 
Rs. 5. Between the initial point of sale and the ultimate point of consumption, the price 
increases by many orders of magnitude. While this price increase reflects substantial 
service inputs (transport, purification, packaging, storage and cooling), the potential 
profits involved are very large (Ibid.). 
Notwithstanding the fragmented market, the city and state government pay less 
for doing business with a farmer than splurging for a massive river basin transfer project. 
According to the World Bank: “‘Estimates suggest that up to 400 million cubic meters of 
water could be purchased from farmers for less than $20 million. This compares with the 
$400 million cost to Tamil Nadu of its proposed Krishna and Veeranam projects that 
would supply a similar amount of water to (Chennai)’” (World Bank, 1998; Ibid.). The 
World Bank added that other sources such as bringing water to Chennai from the 
Cauvery River via Veeranam tank would cost about Rs. 16 per cubic meter in comparison 
to about Rs. 2 per cubic meter cost of water rights purchased from farmers (World Bank, 
1998; Ibid.).   
 
4.4 Chennai water system under stress 
Chennai has had to contend with a water crisis for many years. The reasons are 
similar to why the entire nation faces a similar problem. Drought, inefficient supply and 
distribution systems, rising demand, ineffective policies, etc. are a few of the reasons. In 
short, the water problem relates to physical, socio-economical and political issues. 
The amount of surface water effectively available to the metropolitan area has 
been considerably less than the storage capacity of the reservoirs. The actual storage 
capacity, a function of rainfall in the reservoir catchments, varies from year to year. An 
estimated 40% of stored water is lost because of evaporation, while a substantial amount 
is also lost due to seepage through the tank beds and in channels linking the three storage 
lakes, Red Hills, Cholavaram and Poondi. However, the exact magnitude of seepage loss 
is not known. Nevertheless, a further constraint is imposed by the volume, which the 
water system is equipped to handle distribution (Vaidyanathan and Saravanan, 2002).  
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Paraphrasing Metro Water’s description of the water supply system in its 2002-
2003 Annual Report illustrates the relationship between the various constraints:   
The northeast monsoon was normal in Chennai in 2002, but the catchment areas 
of the lakes supplying water to the city had deficient rainfall. The normal annual rainfall 
in Chennai is about 1,400 millimeters (mm), but the catchment areas had received only 
1,100 mm. To help maintain normal daily water supply, the city had to rely on water 
transferred from a reservoir in neighboring state Andhra Pradesh. By January 2003, 
however, the combined storage of the three lakes was only about 39%. With this meager 
amount of storage, Metro Water would have been able to maintain daily water supply for 
just four months. But Andhra Pradesh was having its own problems because of deficient 
rainfall. Storage levels in that state’s reservoirs were falling below the extraction levels. 
The dire situation prompted the two governments into another agreement – to spare water 
from the expected flows from the southwest monsoon after July 2003, if the storage 
position improves. Considering the difficult situation, and in order to ensure supply of 
drinking water to Chennai residents, Metro Water in January 2003 implemented a 
rationing scheme to supply water on alternate days through its distribution pipelines. 
Alternate day supply distribution was imposed to ensure that water reached all ends of the 
city. Also, mobile water tankers were used to bring water to underserved areas. On the 
supply days, about 275 million liters per day were supplied through the pipelines and 25 
million liters per day on non-supply days for maintaining water tanker supply. 
Meanwhile, groundwater extraction from well fields would be increased from 80 million 
liters per day to 100 million liters per day. Additionally, 75 new private agricultural wells 
were hired to yield about 25 million liters per day of additional water to stabilize the 
groundwater extraction during the summer months. Infrastructure improvements were 
made to well fields and more pipelines and pump-sets were introduced to carry the water 
from the agricultural wells. To improve the environment and the public health status of 
economically disadvantaged people residing in slums, Metro Water reduced the cost of 
water connection charges by 50% of the existing rates (i.e. from Rs. 1,930 to Rs. 965) to 
all people living in registered slum areas. And for all people living below the poverty 
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line, whether or not they live in registered slum areas, each sewer connection was 
reduced to Rs. 100 compared to the normal fee of Rs. 3,390.17  
Chennai’s future water prospects are just as bleak, because the city’s projected 
water requirements will remain heavily dependent on surface water projects, according to 
Vaidyanathan and Saravanan (2002). The authors point out that the population of the city 
is forecast to grow to 7.4 million by 2021. This would make the city’s requirements for 
household water use (at the rate of 100 liters per capita per day) grow to 740 million liters 
per day. Total non-industrial use will be 870 million liters per day. Using the “Master 
Plan” projections of total requirements at 300 million liters per day, the industrial 
consumption for the entire metropolitan area in 2021 works out to be 1,170 million liters 
per day for the city. Meanwhile, the resources for the city currently include the three 
reservoirs, which, in a normal year, yield about 200 million liters per day. Telugu Ganga-
I project now delivers about 380 million liters per day. However, not all of this is 
available for distribution (Ibid.).  
Allowing for losses between zero point and the reservoirs, the volume available 
for distribution is estimated at only 130 million liters per day. If current levels of 
groundwater extraction (around 390 million liters per day) can be maintained and losses 
in the public system are reduced to the minimum, total availability for the city will be 970 
million liters per day, about 15% short of projected requirements. The only source from 
which this can be met is groundwater, which is already under severe stress. Therefore, 
official plans put much weight into the expectation of additional water from Telugu 
Ganga-II. “However, the experience of Telugu Ganga-I shows that the amount of water 
reaching the city reservoirs is but a fraction of the volume received at zero point. 
Currently, net addition to supplies is estimated at only 30% of the gross volume received 
at zero point. The calculation of water balance in 1995 and the projections for 2021 
assume that this ratio will remain the same in phase II as well” (Ibid.). 
“The outcome would, however, depend crucially on (a) augmenting capacity to 
store the extra supplies; (b) magnitude of losses from zero point to the reservoirs; and (c) 
losses in the distribution network. A careful assessment of the sources of loss and 
measures to plug these are of great significance.  
                                                          
17
 Chennai Metropolitan Water Supply & Sewerage Board Annual Report 2002-2003  
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Losses in distribution network depend on its capacity to handle the projected 
volumes and how well it is designed and maintained. The existing system, being old and 
poorly maintained, is prone to leakage and waste. A recently completed project to rectify 
defects in the existing distribution system is reported to have succeeded in reducing 
losses by about 25%” (Ibid.). 
 Chennai can alleviate its water problems by controlling groundwater extraction, 
enhancing groundwater recharge and promoting rainwater harvesting. It comes as no 
surprise that rainwater harvesting has emerged as a possible solution since the first major 
drought in the city, in 1987. As mentioned earlier, the Chennai Metropolitan Area 
Groundwater (Regulation) Act 27 of 1987 had come into force in order to control and 
regulate groundwater extractions and water transportation.  
Table 6 (next page) identifies trends in rainfall, storage and water supply in the 
city from the period 1987-2000. 
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Table 6: Trends in rainfall, storage and public water supply in Chennai 1987-2000 
Year Rainfall  
(mm) 
Storage 
(mcft) 
Water 
supply 
(mlpd 
total) 
Groundwater 
(mlpd) 
Surface 
water 
(mlpd) 
GW level 
(m, bgl) 
1987                              886 1493 155 105 50 21.6 
1988 1063 2260 155 96 59 21.9 
1989 891 2255 155 87 68 21.8 
1990 1572 2186 155 79 76 22.9 
1991 1312 3857 230 69 161 23.3 
1992 1079 6275 255 66 189 22.7 
1993 1590 1690 115 52 63 25 
1994 1563 6184 240 52 188 23.2 
1995 1607 5152 325 55 270 22.1 
1996 2053 4669 320 52 268 20.5 
1997 1774 7011 375 54 321 18 
1998 1135 6931 410 39 371 17.3 
1999 1090 6702 440 40 400 18.6 
2000 1053 1859 220 84 136 20.1 
Source: Metro Water, (Vaidyanathan and Saravanan, 2002) 
 
Based on the data in Table 6, total supply from the public system recovered after 
1990. In fact, it even exceeded 200 million liters per day in 1991, 1992 and 1994. This 
was largely because of higher rainfall and higher levels of storage in the reservoirs. 
Meanwhile, groundwater extraction was reduced to 50-60 million liters per day during 
the same period. From 1995 to 1999 water supply exceeded 300 million liters per day. 
Again, this was due to good rainfall. From 1997, however, supply was helped by the 
substantial inflow from the Telugu Ganga Project coupled with the increase in the water 
works capacity. But how the system was able to supply more than the rated capacity of 
the expanded works (300 million liters per day) is not easy to understand (Ibid.).  
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The data also show an inverse relationship between the use of surface water and 
groundwater. The volume of groundwater drawn by Metro Water falls when surface 
water is more abundant. But variations in the former are much less. However, the data 
also suggest a decline in extractions during the 1990s, which is consistent with the fact 
that this period was marked by a run of successive years of relatively high surface supply. 
In fact, between 1993 and 1998 surface storage increased while groundwater extraction 
declined. Yet groundwater extraction rose sharply in 2000, a year of unusually low 
surface storage. Interestingly enough, the government has responded to this situation by 
making amendments to existing legislation in order to promote water harvesting and 
conservation (Ibid.). 
Indeed, after the severe drought in 1992 and 1993, Metro Water began to take 
active interest in promoting rainwater harvesting. In 1994, the Chennai Metropolitan 
Development Authority (CMDA) and the Chennai Corporation had worked out a 
“statutory understanding”, whereby planning permission applications for specified 
categories of buildings were accepted only if they included a plan for rainwater 
harvesting systems, as suggested by Metro Water. Based on the regulation, water and 
sewer connections are sanctioned if rainwater-harvesting works are constructed in all 
premises having four floors and in special buildings. However, it is widely known that 
this regulation has not been effective (Ibid.). Many of the buildings, which have obtained 
approvals under the regulation have either not installed any rainwater harvesting systems 
or the structures are inadequate. This neglect and further droughts in 2000 and 2001 
prompted the government to respond by amending the 1987 Act, requiring all buildings 
in the state to have rainwater harvesting structures and existing buildings to put up 
rainwater-harvesting structures within a period of one year from October 2002. Yet many 
residents were slow in implementing the law, which had led to the ordinances in October 
2003 (see Appendix 3-4). 
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4.5 Rainwater harvesting benefits 
 The need for rainwater harvesting in Chennai can be summed up as follows: 
• To meet ever-increasing demand for water 
• To decrease run off which chokes storm drains 
• To avoid flooding of roads 
• To conserve and augment groundwater storage 
•  To control decline of groundwater levels 
• To reduce groundwater pollution 
• To improve quality of groundwater 
• To prevent soil erosion 
• To supplement domestic water requirement during summer, drought, etc 
 
The Chennai Metro Water Board reckons the calculation in Table 7 (below) can 
be applied to get the potential for any plot of land or rooftop area using rainfall data for 
that area. Consider a building with a flat terrace of 100 square meters (sq. m.). The 
average annual rainfall in Chennai is approximately 1,100 millimeters (44 inches). If the 
terrace floor is assumed to be impermeable, and all the rainfall on it is to be retained 
without evaporation, then in one year, there would be rainwater in the terrace to a height 
of 1,100 millimeters (mm).  
 
Table 7: Rainfall calculation 
Area of plot  = 100 square meters 
Height of rainfall = 1.1 meters (1,100 millimeters) 
Volume of rainfall over the 
plot 
= Area of plot x Height of rainfall  
= 100 sq. m x 1.1 m 
= 110 cubic meters = 110,000 liters of water 
  
Assuming that only 60% of 
rain can be harvested 
= 60% of 110,000 liters = 66000 liters 
Source: Chennai Metropolitan Water Supply & Sewerage Board 
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The average daily water requirement per person is 135 liters per day, according to 
the IS 1172: Indian Standard Code of Basic Requirements for Water Supply, Drainage 
and Sanitation. Taking into consideration the average daily requirement of water and the 
calculation above, rainwater can by far cover Chennai’s water needs.  
For the city of Chennai, the following calculation can be made:  
 
Chennai population: 4.7 million x 135 liters = 634,500,000 liters 
Chennai requirement = 634,500,000 liters 
Chennai = 170 sq. km = 170,000,000 sq. m * 1.1 m (height of rainfall) 
 = 187,000,000 cubic meters = 187,000,000,000 liters 
If only 60% of rainfall is harvested = 112,200,000,000, which is much greater than the 
city requirement. 
  
Rainwater harvesting has both domestic and environmental benefits. Some of the 
notable domestic benefits can be summed up as follows: 
• Enables self-sufficiency of water supply in time of a water crisis 
• Reduces cost of pumping groundwater 
• Simple and easy to construct, operate and maintain 
• It helps lower the water supply bill, particularly for urbanites 
 
The environmental benefits can be summed as: 
• Decreases local soil erosion and flooding due to runoff 
• Storm water, which washes down contaminants and degrades water bodies, is 
tamed and harvested 
• Provides high quality water – soft and low in minerals 
• Seawater intrusion is arrested 
• Conserves energy – as the energy input required to operate a centralized water 
system is bypassed 
• Increases groundwater levels 
• Improves groundwater quality (through dilution)  
• Retains ground dampness, thus resulting in avoidance of crack formation in walls 
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4.6 Rainwater harvesting techniques and methods in Chennai 
 Essentially, there are two purposes for rainwater harvesting. The first is storing 
rainwater in containers above or below ground for immediate use, and the second is using 
rainwater to charge the soil for withdrawal at a later time (groundwater recharging). Both 
of these purposes are necessary in a city like Chennai, where groundwater has been 
depleted and water distribution has become relatively time consuming and expensive. 
 In the case of harvesting rainwater for immediate use, rooftop harvesting is the 
most common practice. With this system, the roof of a house or building is used to collect 
the rainwater, which will eventually end up in a storage vessel or tank for use during 
periods of scarcity. Usually these systems are designed to support the drinking and 
cooking needs for any household. Such a system usually comprises a roof catchment 
area, a storage tank and gutters to transport the water from the roof to the storage tank. In 
addition, it is common for rooftop harvesters to have a first-flush system, which diverts 
any debris in the water away from the storage tank. This is generally done immediately 
after the first rainfall. Any debris and contaminants on the roof during the dry season will 
be flushed out (via a special filter unit) before the water enters the storage tank. In 
Chennai, the typical rooftop rainwater harvesting system has the following components18: 
• Roof catchment - the roof of the house is used as the catchment for collecting the 
rainwater. Many rooftops in private homes are flat and made of concrete. 
Otherwise, roofs are made of corrugated iron sheet or tiles, which can also be 
used for harvesting. However, thatched roofs are not suitable as it gives some 
color to water and it problematic with debris, such as palm leaves. 
• Gutters – are channels fixed to the edges of roof all around to collect and 
transport the rainwater from the roof to the storage tank. Gutters can be prepared 
in semi-circular and rectangular shapes. Gutters are made from locally available 
materials, such as plain galvanized iron (GI) sheet, PVC pipes or bamboo. 
• Down pipe – carries the rainwater from the gutters to the storage tank. The down 
pipe is joined with the gutters at one end, and the other end is connected to the 
                                                          
18
 Tamil Nadu Water and Drainage Board, 
http://www.aboutrainwaterharvesting.com/rwh_methods_individual.htm 
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filter unit of the storage tank. PVC or GI pipes of diameter 50 mm to 75 mm (2 
inch to 3 inch) are commonly used for down-pipe. 
•  First-flush pipe – gets rid of debris, dirt and dust collected on the roofs during 
non-rainy periods. This unwanted material can be washed into the storage tank 
and cause contamination of water collected in the storage tank, thereby rendering 
it unfit for drinking and cooking purposes. Two systems are commonly used. One 
is based on a simple manual arrangement, whereby the down pipe is moved away 
from the tank inlet and replaced again once the first flush water has been 
disposed. The other is a semi-automatic system, where a separate vertical pipe is 
fixed to the down pipe with a valve provided below a "T" junction. After the first 
rain is washed out through first flush pipe, the valve is closed to allow the water 
to enter the down pipe and reach the storage tank. 
• Filter unit – is a container or chamber filled with filter material such as coarse 
sand, charcoal, coconut fiber, pebbles and gravel to remove the debris and dirt 
from water that enters the tank. The container is provided with a perforated 
bottom to allow the passage of water. The filter unit is placed over the storage 
tank. There are two types of filters commonly used. One is a ferrocement filter 
unit, which is comparatively heavy and the other is made of either aluminium or 
plastic bucket. The latter is readily available in the market and has the advantage 
of ease in removing, cleaning and replacing. Otherwise, a fine cloth, in 2 or 3 
layers, can be tied to the top of a bucket or vessel with perforations at the bottom. 
• Storage tank - is used to store the water that is collected from the rooftops. 
Common vessels used for small scale water storage are plastic bowls, buckets, 
jerry cans, clay or ceramic jars, cement jars, old oil drums etc. For storing larger 
quantities of water the system will usually require a bigger tank with sufficient 
strength and durability. There are unlimited number of options for the 
construction of these tanks with respect to the shape (cylindrical, rectangular and 
square), the size (1,000 liters to 15,000 liters or even higher) and the material of 
construction (brickwork, stonework, cement bricks, ferrocement, plain cement 
concrete and reinforced cement concrete). The storage tank is provided with a 
cover on the top to avoid the contamination of water from external sources. The 
Making Urban Rainwater Harvesting Sustainable: Lessons Learned in Chennai                                     
  
 65 
cover will be in dome shape having a raise of about 20-30 centimeters (cm) in the 
middle. The dome is provided with two circular openings, one for manhole and 
another for accommodating the filter. A lid covers the manhole avoiding exposure 
of stored water to the outside environment. The storage tank is provided with pipe 
fixtures at appropriate places to draw the water, to clean the tank and to dispose of 
the excess water. They are named tap or outlet, drainpipe and over flow pipe 
respectively. PVC or GI pipes of diameter 20 mm to 25 mm (¾ inch to 1 inch) are 
generally used for this purpose. 
• Collection pit – a small pit is dug in the ground, beneath the tap of the storage 
tank and constructed in brick masonry to make a chamber, so that a vessel could 
be conveniently placed beneath the tap for collecting water from the storage tank. 
A small hole is left at the bottom of the chamber, to allow the excess water to 
drain-out without stagnation. Size of collection pit is usually 60 cm x 60 cm x 60 
cm.  
Among the above components, the storage tank is the most critical and most 
expensive component. The capacity of the storage tank determines the reliability of the 
system for assured water supply. The storage of runoff rainwater is practiced in places 
where there is copious rainfall throughout the year. Meanwhile, rooftop rainwater can be 
diverted to open wells or bore wells in places where rainfall is erratic. In Chennai, many 
private homes have open wells. As mentioned above, there are different types of storage 
tanks and wells. These include: 
• Above ground storage tank 
• Sub-surface storage tank 
• Open well method 
• Percolation pit 
• Percolation pit with bore method 
• Bore well with settlement tank 
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Different methods for private homes and apartment dwellings are illustrated in 
Figures 2-8 below. 
 
Figure 2: Above ground storage tank 
 
Source: Chennai Metropolitan Water Supply & Sewerage Board 
 
Figure 2 is a simple roof top rainwater harvesting technique for sloped roofs. In 
Chennai, however, many of the rooftops are flat. Gutters (GI sheets or bamboo) are used 
for directing the flow of the rainwater from the rooftop into a small drum or plastic tank.   
 
Figure 3: Sub-surface storage tank  
 
Source: Chennai Metropolitan Water Supply & Sewerage Board 
 
Figure 3 depicts a situation where more than one house can collectively lead the 
rainwater into a sub-surface tank. This tank should be situated in a common place. 
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Figure 4: Open well method 
 
Source: Tamil Nadu Water Supply and Drainage Board 
 
In Figure 4, Rainwater from the terrace is diverted using PVC pipes to an open 
well, through a filter chamber. The filter media may consist of the following materials:  
• Layer 1: Layer of sand - fine to medium (150 mm to 300mm) 
• Layer 2: Layer of gravel (200mm) 
• Layer 3: Layer of medium pebbles bed (500)  
The minimum size of the filter chamber is 2.5" x 2.5" x 2.5". It may be covered 
with RCC slab.  
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Figure 5: Percolation pit Method 
 
Source: Tamil Nadu Water Supply and Drainage Board 
 
In Figure 5, the percolation pit, or recharge trench, is longitudinal in shape. It is 
filled with broken bricks, pebbles, brickbats or gravel. The top 15 cm may be filled with 
river sand. Size: 0.5 - 1 meter (m) wide and 1 - 1.5 m in depth. An RCC slab cover is 
optional. 
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Figure 6: Percolation pit with bore method 
 
Source: Tamil Nadu Water Supply and Drainage Board 
 
Figure 6 shows a percolation pit using the bore method. A borehole is drilled at 
the bottom of the percolation pit. The borehole size is 150 - 300 mm diameter and 10 -15 
feet in depth. It is filled with broken bricks and sand. Sand is filled at the top 300 mm.  
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Figure 7: Bore well with settlement tank 
 
Source: Tamil Nadu Water Supply and Drainage Board 
 
In Figure 7, the rooftop rainwater can be diverted into a borewell. Defunct 
borewells may also be used. A standard filter tank has to be provided. Overflow water 
may be diverted to a percolation pit nearby. 
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Figure 8: Rainwater harvesting for apartment complex 
 
Source: Tamil Nadu Water Supply and Drainage Board 
 
Figure 8 depicts how rainwater is captured in an apartment building. The 
rainwater from the terrace is diverted into one or more service wells. Any rainwater on 
the sloping paved driveway can be captured at the entrance gate by an underground gutter 
with a perforated lid. The collected water is led to the service wells by pipes. It is 
strongly recommended that apartment dwellings have both rooftop catchments and 
driveway harvesting systems to maximize the most out of rainfall within the complex.  
 
4.7 Costs for rainwater harvesting methods 
Generally, the cost of a rainwater harvesting system in existing buildings varies 
widely and depends on the availability of existing structures like wells and tanks, which 
can be modified for use in the harvesting system. For the entire state of Tamil Nadu, the 
individual owner of the building is responsible for rainwater harvesting. If the owner has 
an existing apartment building, it is common for the cost to be divided among the 
Making Urban Rainwater Harvesting Sustainable: Lessons Learned in Chennai                                     
  
 72 
residents in each unit. For instance, each unit can expect to pay about Rs. 1,000-2,000, 
depending on the number of individual apartments in the complex and the total cost of 
the work, which can range between Rs. 5,000-30,000. For a new building, however, the 
cost is comparatively less if the rainwater-harvesting system is included during the initial 
construction. For a multi-storied office building, the cost is about Rs. 80,000. For a 
cluster of multi-storied buildings in a complex, the cost is about Rs. 185,000. For a 
private home, depending on the size, the cost is usually in the range of Rs. 4,000-10,000. 
Some approximate rates of construction activities and materials (common items of work) 
are given in Table 8. The rates below are notional and the list is not comprehensive.   
 
Table 8: Costs for rainwater harvesting materials and supplies 
Sl No.                Activity     Unit Cost 
            (Rs.) 
1 Excavation in soil     Cu.m. 65.00 
2 Excavation in rock    Cu.m. 110.00 
3 Brickwork with cement mortar (1:6) Cu.m. 1190.00 
4 Plain cement concrete (1:3:6)   Cu.m. 1300.00 
5 Reinforced cement concrete (1:2:4) Cu.m. 1740.00 
6 Centering and Shuttering   Sq.m. 90.00 
7 GI Piping         
    100 mm diameter   Meter 375.00 
    1150 mm diameter   Meter 590.00 
8 PVC Piping        
    110 mm diameter   Meter 165.00 
    200 mm diameter   Meter 275.00 
9 Making a bore well using mechanical drilling Meter 1300.00 
Source: Tamil Nadu Water Supply and Drainage Board 
 
Water officials in Chennai reckon that families can save money by investing in 
rainwater harvesting. For example, a family of four living in an individual house with a 
rooftop area of 200 sq. m. can save about Rs. 14,000 over 900 days with an investment of 
Rs. 5,000 for rainwater harvesting, based on a market price of Rs. 500 for 5,000 liters of 
water, according to a Rainwater Harvesting Calculator found on Tamil Nadu Water 
Supply and Drainage (TWAD) Board website.19 However the calculation is based on a 
water requirement of 40 liters per day per person. 
                                                          
19
 http://www.aboutrainwaterharvesting.com/rwh_quantity.htm 
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4.8 Rainwater harvesting and hygiene 
4.8.1 Rooftop harvesting 
In theory, rainwater is pure, free from pollutants and therefore clean. But is 
rainwater really clean? Chemical residues from the atmosphere coupled with debris, dust 
and organic wastes on rooftops is sure to signal alarm bells to health authorities regarding 
the personal consumption of harvested rainwater. There is also the question of storage. In 
most cases, harvested rainwater is stored in tanks for three to six months before use. 
During this time the water comes into contact with tank walls and pipes inside the tank. 
And any water exposed to the outdoor environment can foster growth of algae and 
breeding of mosquitoes. Meanwhile, rainwater in industrialized areas is subjected to air 
pollution, which affects the chemical quality of the water vapor in the atmosphere. Any 
water vapor coming into contact with debris on rooftop is likely to leave a residue. These 
situations arise in the rainwater harvesting structures where a provision is made for the 
storage of water, whether for immediate use in sumps or stored for a longer period in 
tanks. There is risk of water contamination and, in the worse case, the contraction of a 
disease borne or based from contaminated water. Chemical and bacteriological affects 
can be prevented by proper maintenance of water collection and storage systems. Water 
can be boiled or treated with bleaching powder (chlorination) before consumption. 
Chennai’s Metro Water recommends people wanting to use their rainwater harvesting 
systems for drinking purposes to boil the water or treat it with bleaching powder first. 
Table 9 (next page) details the recommended dosage. 
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Table 9: Recommended dosage of bleaching powder per water unit: 
 
 Storage  
Dosage of bleaching powder (in grams) 
  
Capacity of tank 
(liter) 
Full 
tank 
Tank (3/4) 
full 
Tank (1/2) 
full 
Tank 1/4) 
full 
5,000 50 37.5 25 12.5 
6,000 60 45 30 15 
7,000 70 52.5 35 17.5 
8,000 80 60 40 20 
9,000 90 67.5 45 22.5 
10,000 100 75 50 25 
               Source: Chennai Metropolitan Water Supply & Sewerage Board 
 
Metro Water also assesses the water quality of individual wells and bore wells. 
The physical and chemical tests are based on nominal charges (in rupees) are listed in 
Table 10. 
 
Table 10: Nominal charges for water quality testing in Chennai  
1 Public (individual house), for drinking Rs 75/- Per sample 
2 Private institute, for drinking Rs 200/- Per sample 
3 Private institute, construction Rs 200/- Per sample 
  Source: Metro Water, 2003 
 
4.8.2 Groundwater recharge  
Underground aquifers can become contaminated as a result of leakage of storage 
tanks, disposal of mine tailings, and accidental spillages (UN/WWAP, 2003). 
Agricultural pesticides and fertilizers, organic waste, arsenic and fluoride pose the 
biggest threat to groundwater. Arsenic, for example, is widely distributed throughout the 
earth’s crust and occurs in groundwater through the dissolution of minerals and ores. 
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Long-term exposure to arsenic via drinking water can cause various forms of cancer. 
Meanwhile excessive amounts of fluoride in drinking water can also be toxic (Ibid.). In a 
coastal city like Chennai, salinity and iron has become serious problems in the 
groundwater. Since groundwater is virtually impossible to cleanse, many contaminants 
are persistent and remain a hazard for long periods even at low concentrations (Ibid.). 
Soil and sand act as natural filters and generally prevents foreign matter from 
entering aquifers. Rainwater replenishes the aquifer and can help decrease salinity and 
dilute iron salts, which turns the water yellow. Groundwater, an important and integral 
part of the hydrological cycle, heavily depends on rainfall for recharge conditions. 
However the extraction of groundwater from the abundance of bore wells exceeds the 
amount water recharged underground (Sivaraman and Thillaigovindarajan, 2003). 
The amount of rainwater that can be recharged to ground depends on the soil type 
(Appendix). The speed of permeability can affect the quantity of water that is being 
harvested. Sandy soil can absorb water fast and therefore can recharge more water than 
clay soil. Clay slows down the permeability of water, which can easily runoff the surface 
or get stagnated. The type of soil determines the rate of infiltration. Hence rainwater 
harvesting structures should be designed in such a way that water flows through the 
recharge pits and bore wells to sandy strata to increase the rate of infiltration. Table 11 
shows the different soil types. 
 
Table 11: Porosity, yield and permeability of various soil types 
Sl.No Description Porosity percent 
Specific 
Yield 
percent 
Permeability liters per 
day/sq. m. 
1. Clay 45 – 55 1 - 10 0.042 – 0.19 
2. Sand 35 – 40 10 - 30 379 – 279 
3. Gravel 30 – 40 15 - 30 3,785 – 1,394 
4. Sand and gravel 20 – 35 15 - 25 757 – 465 
5. Sandstone 10 – 20 5 - 10 0.38 – 4.6 
6. Shale 1 – 10 0.5 - 5 0.00004 - 0.009 
    Source: Chennai Metropolitan Water Supply & Sewerage Board 
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This chapter has described Chennai’s water resource system, water markets, 
rainwater harvesting benefits, methods, techniques and costs, and health issues related to 
rooftop rainwater harvesting and groundwater recharge. Conclusions are as follows: 
• Chennai’s water supply system is stressed because of poor planning, uncontrolled 
groundwater extraction and heavy reliance on monsoons and interstate water 
transfers. 
• The water crisis in Chennai has paved the way for a fragmented and inequitable 
market, where the wealthiest residents pay the least and the poorest pay the most 
in terms of water per unit, time and labor. 
• There is little incentive for water authorities to sell water through tap connections 
at a subsidized rate of Rs. 0.14 per cubic meter when the cost to supplying the city 
is about Rs. 10-15 per cubic meter. The authorities make up their costs by selling 
water from tankers at Rs. 50 per cubic meter. However this system is not 
necessarily sustainable. 
• It is cheaper for Tamil Nadu government to buy water from farmers than to build 
river basin water transfers. This may not be sustainable, as farmers must rely on 
groundwater extraction.   
• Chennai’s annual rainfall is more than enough to supply the city with fresh water 
for many generations. Rainwater harvesting aims to exploit this potential. 
• There are several methods for rainwater harvesting. However, the optimal method 
is to combine rooftop harvesting with driveway catchment.       
• Rainwater harvesting is relatively cheap and families can save money. 
• Rainwater harvesting in an urban area is crucial for recharging groundwater, 
particularly if the alternative is for runoff water to be discharged into sea. 
•  Recharging aquifers with rainwater helps flush out contaminants. 
•  There are health risks related to rainwater harvesting storage and usage of 
groundwater. 
• Chennai city officials can measure the quality of water for individuals engaged in 
rainwater harvesting for drinking purposes. But this solution only benefits the 
wealthy.   
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5. LESSONS LEARNED IN CHENNAI  
 This chapter analyzes the information and data from the previous chapters to 
determine the sustainability prospects of rainwater harvesting in Chennai. For the 
ecological perspective, this chapter reflects on game theory to help understand the 
problems with groundwater exploitation and how rainwater harvesting can be part of the 
solution. Yet transparent and effective monitoring systems and adequate rainwater 
harvesting methods need to be in place.   
For the social perspective, this chapter analyzes the state government response to 
enforce rainwater-harvesting policy by reflecting on governance and environmental 
problem solving. It assesses the sustainability prospects of empowering the people to 
ensure their own quantity and quality of water. Is this a good or bad idea?  
For the economic perspective, this chapter looks at the potential savings rainwater 
harvesting can have for the people and how it can function to enhance equity in 
Chennai’s fragmented water market.   
 
5.1 Tragedy of groundwater extraction     
The excessive groundwater exploitation in Tamil Nadu is a classic example of 
ecologist Garrett Hardin’s “tragedy of commons” (Hardin, 1968), which is often cited for 
explaining why humanity is on the brink of environmental collapse. The reason for this is 
that individuals innocently engaged in their behavior often do not think about the 
aggregate of their act if everybody else was doing the same thing. Hardin’s analysis of 
this trend uses the example of animals grazing on a common ground. Individuals will be 
motivated to increase their personal wealth by adding to their flocks. For every animal 
added there is a small reduction in the commons. The owners will regard their individual 
degradation of the commons as relatively small compared to the gain in wealth. But if all 
owners followed the same pattern the commons will ultimately be destroyed. However, 
as rational individuals, every owner will continue adding to their flock without thinking 
twice. As Hardin puts it: “Therein is the tragedy. Each man is locked into a system that 
compels him to increase his herd without limit – in a world that is limited. Ruin is the 
destination toward which all men rush, each pursuing his own interest in a society that 
believes in the freedom of the commons” (Hardin, 1968). 
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Hardin’s tragedy is not a new concept. Aristotle, Hobbes and William Forster 
Lloyd had all identified issues relating to the degradation of commonly owned property 
(Ostrom, 1990; Feeny et al., 1990; De Young, 1999). Yet Hardin recognized the common 
tragedy concept applies in its broader sense to contemporary environmental problems, 
such as overgrazing of federal lands, acid precipitation, ocean dumping, atmospheric 
carbon dioxide discharges, over-fishing, etc. “Simply stated, we face a serious dilemma – 
an instance where individual rational behavior (e.g., acting without restraint to maximize 
personal short-term gain) can cause long-range harm to the environment, others and 
ultimately oneself”(De Young, 1999). 
It should be noted, however, that not all resource management situations lead to 
tragedy. Certain conditions are needed before tragedies occur. The first condition relates 
to the nature of the resource itself. A distinction must be made between resources as 
either public goods or commons, otherwise referred to as common-pool resources (CPR). 
For example, users of public goods do not care much about who else uses them or how 
they contribute to the maintenance of public goods, such as bridges or public schools.  
Whereas individuals contributing to the maintenance for a CPR care enormously about 
who uses it and the quantity consumed even if others help maintain the resource. But not 
all use of diminishable resources will inevitably lead to tragedy. Therefore a second 
fundamental condition relates to the access to the resource. “A tragedy is more likely to 
emerge in a situation where restraining access to the resource is costly, impractical or 
impossible” (Feeny et al., 1990, Ibid.). De Young (1999) argues: “Hardin’s predictions 
for the inevitable over-exploitation of a commons is based solely on consideration of 
open access situations. And in fact case studies document that tragedies do occur when an 
open-access system supplants a pre-existing successful CPR management system. Thus 
while a tragedy is not inevitable it is a more likely outcome if one is dealing with a CPR 
that is subtractable, able to be overused, and experiencing unrestrained open access” 
(Ibid.). 
Based on this analysis, the exploitation of groundwater in Tamil Nadu was a 
tragedy waiting to happen. The question remains whether the government’s response to 
regulate groundwater extraction was too little too late. As stated earlier, the exploitation 
of groundwater extraction in Tamil Nadu prompted state officials to enact the Madras 
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Metropolitan Area Groundwater (Regulation) Act 1987. While the Act regulates licenses 
for water extraction and transport, there are no defined limits to groundwater extraction. 
Instead, cases are handled individually and the issuance of licences depends on the 
purpose and area for a proposed well. With the current system the way it is, there is a 
clear need for further regulation to ensure that the amounts of water extracted are 
sustainable and that the water delivered is fit for drinking.  
In Chennai, Metro Water is responsible for the quality and distribution of drinking 
water. However various departments at city, state and national government levels monitor 
water levels and quality in different areas throughout the state. According to 
conversations with officials at Metro Water and Tamil Nadu Water Suppy & Drainage 
Board (TWAD), the data collected between the different departments are generally 
shared on request. However bureaucracy in the different agencies limits transparency and 
information exchange between them. The public has virtually no access to any 
information related to groundwater levels, unless upon request and with a good reason. 
The authors of this report went to the local, state and national agencies that have 
information on groundwater levels in Chennai – Metro Water, Public Works Department 
(PWD) and Central Ground Water Department (CGWD). Metro Water’s bureaucratic 
hierarchy was virtually impenetrable. PWD, a state authority responsible for all public 
works (i.e. roads, construction, finances, etc.), demanded an expensive fee for 
groundwater information. CGWD, a local unit under the wing of the Ministry of 
Environment and Forests, released groundwater levels of the city (for the past five years) 
for free, albeit after moving through the bureaucratic hierarchy and proving the 
information would be used only for academic research. However it is difficult to qualify 
the data and draw any conclusions.   
Metro Water has a good website with some valuable information pertaining to its 
organizational objective, water quality measures and rainwater harvesting initiative. But 
there is no data about groundwater levels or quality. Daily surface water levels are 
provided. But without transparent data on the quality and quantity of groundwater there is 
no way for the public to know whether their extraction habits can be sustained from an 
ecological perspective. At the 2004 Delhi Sustainable Development Summit, Boerge 
Brende said the CSD would be an “international watchdog” to ensure countries are on 
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track towards their Millennium Goal targets. He also said transparency was important and 
that country-specific information would be made public so that everybody would know 
the laggards from the shining stars. For instance, the exchange between CSD and India’s 
Joshi (see in Chapter 2) about whether India had a national program to develop indicators 
for sustainable development was posted on the CSD website. Chennai and state 
authorities can do the same thing regarding groundwater extraction. If the farmers and 
general public can see for themselves how their individual actions impact the aggregate 
affects on groundwater quantity and quality, then perhaps they would think twice about 
their habits. Such an environment would create a level playing field for the entire water 
sector, where supply, demand and market prices could be more easily managed and 
regulated.  
Essentially from a theoretical perspective this discussion is about the pursuit of 
collaborative or cooperative strategies in order to produce an optimal outcome (Little, 
1997). Turning to game theory, an example of market failure can be modelled by a game 
known as “Prisoners Dilemma”. In this game, two suspects are questioned separately. 
Each suspect can confess or keep silent. If suspect A keeps silent, then suspect B can get 
a better deal by confessing. If A confesses, B had better confess to avoid especially harsh 
treatment. Confession is the dominant strategy for both A and B. Therefore in 
equilibrium both confess. However both would be better off if they each kept silent 
(Nalebuff and Dixit, 2002). The game illustrates why irrational outcomes can be 
explained in rational terms. “The Prisoners’ Dilemma demonstrates the importance of 
identifying a mechanism which will convince all the actors that there is no danger of 
defection” (Little, 1997).   
Turning back to Chennai, over abstraction of groundwater causes the quality to 
deteriorate and the quantity to deplete. Recharging the groundwater by rainwater 
harvesting can replenish the quantity and improve the quality. There is no reason why the 
surface runoff of rain needs to go to waste. Rainwater harvesting has great potential for 
environmental sustainability. However the public will not know the ecological benefits of 
their rainwater harvesting efforts unless government or other institutions can provide 
accurate, transparent and coherent monitoring systems of groundwater quantity and 
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quality. Otherwise, there runs the risk that irrational outcomes (e.g. further groundwater 
depletion and poorer quality) will continue even though individuals act rationally. 
 
5.2 Governing rainwater harvesting 
 During the heat of the rainwater harvesting campaign in Chennai in 2001, Goutam 
Ghosh, a reporter at The Hindu, published a commentary titled “What a waste!” He wrote 
about how a few days of snapshot showers and downpours had caused havoc to 
Chennai’s sewerage system and how rainwater harvesting could resolve the problem. He 
said that while the ease and low costs of harvesting rainwater had convinced “illiterate” 
villagers, city-folk were too sceptical. He continued:  
Then how can everyone, including the rational, sceptical lot, be compelled to 
harvest rainwater? Through force. Twist the reluctant arms. Through punitive 
laws. The State needs laws to achieve what promotional efforts can but only over 
a very long period of time, and that too not everyone even then will agree to 
harvest rainwater. We need a stiff law that provides straight guidelines and stiff 
penalties for violators. Just as the compulsory helmet rule worked like magic over 
a decade ago, so will this law — if it is implemented seriously. The law may hurt 
now, but in view of the future generations a little hurt now may be tolerated. After 
the law comes into effect, those who are cash-strapped could approach the banks 
for loans at low rates of interest to install rainwater harvesting system. There may 
be misuse of this facility but on the whole, aberrations and collusions with bank 
officials may be more an exception than a regular trend. We badly need to 
recharge the groundwater. For that we need to have a bird's eye view of the 
process and its linkages. The execution has to be holistic and simultaneous. 
Implementation of laws, training of masons, monitoring the systems, providing 
water tax incentives to those who comply, keeping track of the prices of inputs. A 
tough job. But it can be done. 20  
 
Ghosh’s wish came true. In October 2002, the government amended the 
Groundwater Act, requiring owners of all existing buildings, houses and complexes to 
install rainwater harvesting. A deadline of one year was given. When the government saw 
that people were dragging their feet, it issued the ordinance to the amendment (in July 
2003) threatening to pull the plug on drainage connections of any owner of a building 
who failed to install a rainwater harvesting system by the deadline. However the action 
                                                          
20
 The Hindu, 2001, November 19 
Making Urban Rainwater Harvesting Sustainable: Lessons Learned in Chennai                                     
  
 82 
raises three fundamental questions: Is it necessary to legislate rainwater harvesting in 
Chennai? Is this an act of political will and appropriate governance? Will legislation 
make rainwater harvesting socially sustainable? In short, the answer to all of these 
questions is “yes, yes, and perhaps not”. However these answers need to be put into the 
Indian context. 
 
5.2.1 Is it necessary to legislate rainwater harvesting in Chennai?    
Intellectually one might argue that there is no need to legislate rainwater 
harvesting so long as the entire public is aware of all of the social, economic and 
environmental benefits. But we know that all societies require laws and enforcement 
mechanisms, even for something as simple as wearing a seatbelt in a car, which has 
obvious benefits. The same goes for Chennai. Based on a small survey of 30 people 
living in private homes and apartments in Gandhi Nagar colony, an economically mixed 
residential area in southern Chennai, a clear majority thought it was necessary to enforce 
rainwater harvesting. When asked whether they would have installed rainwater 
harvesting in their homes even if there were no law, 20 out of 30 had replied “yes”. Table 
12 is a sample of some of the questions and answers from the survey (full survey in 
Appendix).           
 
Table 12: Sample of rainwater harvesting survey questions 
Question  Yes  No  
Do you think water supply is a problem? 28 2 
Do you think rainwater harvesting is necessary? 30 0 
Do you think rainwater harvesting should be enforced by law?  27  3 
If there were no law to enforce rainwater harvesting, would you 
have implemented it on your own? 
20 10 
 
The survey is very limited and is meant only as a snapshot of peoples’ sentiment. 
The respondents were all adults and spoke flawless English. However a larger, more 
statistically sound survey is needed to properly analyze the results – based on the 
respondents’ ages, incomes, education, etc. To the knowledge of the authors, no such 
survey relating to these issues has been conducted. Still, it is clear that water supply in the 
city is a problem and a solution like rainwater harvesting is needed. Even though a 
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majority of the respondents said they would have arranged a rainwater harvesting facility 
without the legislation, there is no way to tell whether their answers were sincere.  
 
5.2.2 Is Chennai’s rainwater harvesting policy an act of political will and good 
governance? 
At the 2004 Delhi Sustainable Development Summit, Omar Abdullah, former 
Minister of State for External Affairs in New Delhi, said that more governance and 
political will were needed for a sustainable future.  
Governance can be defined as any relationship manifested in various partnerships 
and networks, where different actors with different objectives are involved. These actors 
can represent government, civil society institutions and private sector interests. An 
important development of governance today is that it is increasingly seen as a task that 
involves society as a whole and not the exclusive domain of governments (Pierre, 2000). 
According to UN/WWAP (2003), the United Nations Development Program 
(UNDP) defines governance as “the exercise of political, economic and administrative 
authority to manage a country’s affairs at all levels. It comprises the mechanisms, 
processes and institutions through which citizens and groups articulate their interests, 
exercise their legal rights, meet their obligations and mediate their differences.”  
However there is no agreed definition specifically for the notion of water 
governance and its meanings are still evolving. “Different people use the notion 
differently, relating it to the different cultural contexts (Ibid.). 
Based on the definitions and interpretations (and lack thereof) above, it can be 
argued that the Tamil Nadu government had applied the notion of governance when it 
had enforced rainwater harvesting. For about one year prior to the 2002 amendment in 
the Groundwater Act, state officials had met with NGOs, building experts and various 
civilian groups on a weekly basis to discuss environmental, technical, economical and 
social impacts of rainwater harvesting.21  
Simultaneously, initiatives were underway to create public awareness about the 
benefits of rainwater harvesting. The issue was raised and debated through various 
                                                          
21
 This has been confirmed by separate conversations with Saravanan from CSE, Raghavan from the Rain 
Centre and Jeyakumar from Rajparis Civil Construction, Ltd.  
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channels of the media. A rain center, India’s first, was created in Chennai as a model 
house with all forms of rain harvesting methods and concepts relevant to the city. It has 
held seminars specific to builders, masons, companies, schools, and homeowners alike. 
The Rain Centre, the formal name, has played an integral part of the awareness campaign 
throughout the city. 
Governance does not imply that the government takes a central role, but for many 
Indians the government and expert opinion holds much weight. For nearly 50 years since 
independence, India has thrived on bureaucratic hierarchy of the state. Since 1991, India 
has been moving in a capitalist direction through liberalization and economic reforms. 
But the country has not fully shed its socialist ideals, thereby often turning to the state for 
solutions.  
In The Politics of the Earth – Environmental Discourses, Dryzek (1996) 
elaborates on three different ways humans have coordinated their efforts in resolving 
environmental problems. These are through bureaucracy, democracy and markets, or in 
what Dryzek refers to as administrative rationalism, democratic pragmatism and 
economic rationalism, respectively. The administrative rationalists solve their social 
problems by way of experts rather than citizens and stresses social relationships through 
hierarchy rather than equality or competition. Democratic pragmatism involves more or 
less citizen participation through a democratic discourse constrained by the structural 
status quo of liberal capitalism. Both democratic pragmatism and administrative 
rationalism take the structural status quo of liberal capitalism as given. But with 
democratic pragmatism, government is treated as a multiplicity of decision processes 
populated by citizens rather than as a unitary state. Economic rationalism, according to 
Dryzek, may be defined by its commitment to market mechanisms to achieve public 
ends. Economic rationalism often relies on administrative rationalism to help design the 
parameters of markets, but it differs from administrative rationalism in its “unremitting 
hostility to environmental management on the part of government administrators” 
(Dryzek, 1996). 
Using Dryzek’s theoretical analysis, India straddles all three categories. As the 
world’s largest democracy, there is the groundwork for democratic pragmatism. However 
the Hindu caste structure, former Soviet socialist ties and recent path to market 
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liberalization also puts it in the camps of administrative rationalism and economic 
rationalism simultaneously. It is difficult to determine which discourse dominates the 
mindset of governance in India. Needless to say, it can be argued that Chennai’s decision 
to enforce rainwater harvesting in India was an act of governance.  
 
5.2.3 Will legislation make rainwater harvesting socially sustainable?  
This question may appear irrelevant because the legislation itself can carry 
rainwater harvesting through future generations. However it is the opinion of the authors 
that the notion of social sustainability should be above and beyond legislation or 
regulations. An ambivalent public is likely to cut corners, thereby defeating any potential 
long-term social benefits of legislation. Eventually, the legislation will wither away – 
particularly if there are not sufficient monitoring systems and enforcement systems. 
For example, some rainwater harvesting activists in Chennai lament that many 
people in the city have already cut corners (by installing inadequate systems) in order to 
satisfy the demands of the government. The government recommended methods people 
should use but the methods were not articulated in the legislation. Also, each owner of 
every building or private home has been responsible for paying and maintaining their 
rainwater harvesting installations. The decision by the government to not intervene with 
cost or method can have both positive and negative outcomes. The negative outcome is 
that too many shoddy rainwater-harvesting systems will be futile for the purpose of 
groundwater recharge. There is also the risk of hygiene problems if the rainwater 
harvesting systems are not properly maintained. Yet the other side of the argument is that 
people will take extra care to ensure the safety of their own water supply if they are 
empowered and have the means to do so. In essence, this discussion follows the same 
argument for private ownership versus public ownership. However this debate is not 
addressed in this study. The point to be made is whether international standards will yield 
to individuals taking responsibility for their own water safety. International declarations 
call for halving the number of people in the world without access to safe drinking water. 
Rainwater harvesting can help the international community reach this goal. Norway’s 
Boerge Brende, the current chairman of the United Nations Commission on Sustainable 
Development, told Reuters news agency in 2003: “Rainwater harvesting could help up 
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to 2 billion people in Asia alone”.22 So for now, the international community regards 
rainwater harvesting as a solution to help countries meet their international targets.  
However, in Chennai, not all rainwater harvesting installations are sound. Sekhar 
Raghavan, director of the Rain Centre in Chennai, said he was disappointed that too 
many people did “shoddy” jobs. 23 A Rain Centre survey conducted late last year shows 
that most rainwater harvesting systems are not up to par with the Rain Centre’s standards. 
Table 13 is a summary of the results of the survey. 24 
 
Table 13: Rain Centre Survey 
Survey   Method of RWH  
Single homes 205 Single method 250 
Apartment dwellings 162 Combination   56 
Office/banks/shops   22  306 
Under construction   22   
 411 Single method  
  Sump   6 
Respondents   Bore well 18 
Single homes 161 Recharge well 54 
Apartment dwellings 145 Open well 75 
  306 Recharge pit 97 
   250 
Open well method    
With filter 39 Driveway harvesting  
Without filer 36 Not done 199 
 75 Unpaved   48 
  Done   59 
Recharge well 
method 
  306 
One recharge well 28   
More than one 26 Not done plots  
 54 Not done  2 
  Person not available 27 
Recharge pit  Under construction 22 
One recharge pit 39 Shop/bank/office 22 
More than one  58 Locked 18 
 97 Not permitted/decline 14 
   105 
                                                          
22
 Reuters, 2003, May 27 
23
 Personal Communication, Sekhar Raghavan, March 2004. 
24
 The survey is not yet published but has been authorized for the use of this study by Sekhar Raghavan, 
director of the Rain Centre. The survey was conducted between May 2003 through January 2004 in the 
Gandhi Nagar colony in Adyar, Chennai. 
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The Rain Centre, limited in manpower and funds carried out its survey between 
October and December 2003 in the Gandhi Nagar colony. The colony was chosen 
because of the variety of building structures and mixture of class of people, from highly 
educated and wealthy to illiterate and poor. The objective of the survey was to determine 
whether people had installed adequate rainwater harvesting systems. According to the 
Rain Centre an adequate system would be a combination of any of the following 
methods: open well, recharge well or recharge pit. A combination of these methods can 
enable a house or apartment complex to maximize its rainwater harvesting potential, 
particularly in urban areas with a lot of pavement. Recharge wells and pits help captured 
rainwater percolate into the ground. Recharge wells are better than pits because they hold 
much more water. If there is a driveway on the premise of the home or apartment 
complex, the Rain Centre strongly recommends a driveway harvesting system so that 
most rainfall in the surrounding premise can be utilized to its maximum potential. Several 
building companies in Chennai, namely Alacrity and Rajparis, use a combination of wells 
and pits as well as driveway harvesting. Raghavan said that those buildings were the ideal 
examples of a good rainwater harvesting structures.  
Based on the results of the Rain Centre survey, only 18% of the respondents had 
“good” rainwater harvesting structures. However, it is the opinion of the authors of this 
study that a wider sample and defined qualifications of what is considered a good or bad 
rainwater harvesting system is needed for better results. The Centre for Science and 
Environment is in the process of conducting a detailed survey of 1,000 residents in 
Chennai, however the work is not yet complete. 
When asked about rainwater harvesting policy, Raghavan said that the campaign 
had been very successful but he was not pleased by how it had been implemented. 
“Everybody was talking about rainwater harvesting. The government was able to reach 
the people very fast,” he said. He said the one-year deadline might have been too 
optimistic. But the reality was that most people rushed to install their systems within the 
three-month period of the ordinance in July 2003 until the deadline in October 2003. 
During that period, Raghavan said prices surged for rainwater harvesting materials and 
labor. People cut corners to avoid paying high prices, he said. Most people had built 
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structures for the sake of the ordinance. But if they had constructed a good system then 
they would have realised the importance of rainwater harvesting, he said. 
The ordinance required that rainwater-harvesting systems be installed by 
“qualified experts”. A qualified expert, Raghavan said, was anybody who had attended a 
one-hour seminar on constructing water-harvesting systems, organized by Metro Water. 
In most cases, people had used their friends, relatives or neighbors who knew anything 
about plumbing, he said. “The government should’ve worked closer with the NGO’s to 
train the people better, such as one-day workshops – but that was not done,” he said. 
Raghavan said he did not believe the government should be responsible for 
implementation or fix set standards. Instead, he said, community-based educational 
movements would be better to define their own guidelines. But time and resources would 
be needed, Raghavan said. Despite the results of the survey, he added that he was 
optimistic people would start to see the benefits in about three years. “But we will need 
some good monsoons.” 
Based on Raghavan’s survey and analysis, any prospect for social sustainability 
relating to health and hygiene aspects in rainwater harvesting will require individuals to 
install good quality systems. The government highly recommends treatment of water for 
people intending to use the harvested water for drinking. Otherwise, there are only 
positive, long-term social benefits for using harvested rainwater for recharging 
groundwater and non-drinking domestic purposes, such as cleaning, gardening and toilet 
flushing. 
Several building companies in Chennai are making inroads by combining 
rainwater harvesting, reverse osmosis treatment and water recycling systems. The authors 
of this survey met with two leaders of different building companies – Alacrity Housing 
Ltd and Rajparis Civil Construction. R. Jeyakumar, owner of Rajparis, said rainwater 
harvesting has changed his life and his approach to constructing buildings. He said 
rainwater harvesting was not only a solution to utilize the natural environment but it had 
economic advantages as well. He said new buildings equipped with rainwater harvesting 
and water-recycling systems can benefit both residents and builders economically.25             
                                                          
25
 Personnel Communication. R. Jeyakumar, March 2004; Indukanth Ragade, vice-chairman, Alacrity 
Foundations. 
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5.3 Economic sustainability of rainwater harvesting 
5.3.1 The Individual 
 In Chennai, at the high end of the market branded bottled drinking water costs 
about Rs. 10 per liter and about Rs. 18 per two liters. However most residents purchase 
their water from tankers, including many businesses as borewells run dry. As stated in the 
previous chapter, a family of four living in an individual house with a rooftop area of 200 
sq. m. can save about Rs. 14,000 over 900 days with an investment of Rs. 5,000 for 
rainwater harvesting, based on a market price of Rs. 500 for 5,000 liters of water. Yet this 
calculation is based on a per-capita usage of 60 liters per day, much lower than the 135 
liter standard. It can be argued that if two or more homes shared their rainwater 
harvesting costs, then the per capita usage can be increased. Whether or not people use 
stored rainwater for drinking purposes, their overall cost for total water usage will 
decrease. 
 For example, Venkataraman, an influential resident of Padmanabha Nagar, a 
residential colony situated near the coast in southern Chennai, said in an interview that 
the average middle class person in his community was paying about Rs. 2,000 to Rs. 
3,000 per month on water supply from tankers in 2001, during the summer drought. Back 
then, the colony was facing a problem with seawater intrusion and the state water supply 
was irregular. He said that when he had advocated rainwater harvesting to some people at 
that time, they were skeptical, largely due to the uncertainty of water quality and 
construction costs. Venkataraman said that he had finally managed to convince a few of 
his neighbors to share the costs by joining their wells with pipes. He said that by sharing 
the costs each individual could save about Rs. 1,000 to Rs. 2,000. He said that the trend 
had finally caught on so that virtually all of the 65 homes in the colony had rainwater 
harvesting before the 2003 ordinance was passed. “Our motto was ‘don’t say my water, 
say our water,’” he said.26 
        
 
 
 
                                                          
26
 Personal Communication, Venkataraman, March 2004 
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5.3.2 The Market 
As stated in the previous chapter, Chennai’s water market is highly fragmented. 
The situation of huge price swings coupled with the burgeoning grey water market makes 
it difficult for the authorities to monitor and regulate. Meanwhile, Chennai Metro Water’s 
subsidized piped water connection charge of Rs. 0.14 per cubic meter does not help the 
situation when its cost to supply water is around Rs. 15. Therefore, Metro Water will 
continue to rely on water tanker sales (at about Rs. 50 per cubic meter) for its cost 
recovery. Also, as stated in an earlier chapter, landowners, particularly the ones who 
already own wells, have in effect water rights that are only limited by their ability to 
pump. Therefore, the question remains whether the water market in Chennai hinders or 
induces equity in water allocation. There is very little research conducted in this area for 
Chennai, so again, the authors of this study turn to Janakarajan’s and Moench’s working 
paper, Water Markets, Commodity Chains and the Value of Water, for some answers. 
Janakarajan and Moench state that in most cases equity is defined in the single dimension 
notion of whether users have access to similar volumes of water supplied. Yet other 
dimensions need to be considered, including whether populations have equivalent access 
to water, intergenerational equity, trans-sector equity, and broader social equity. When 
assessing the situation in Chennai, the authors consider these dimensions and how they 
affect the market. In the case of farmers pumping water, the authors write:     
At least officially, pumps being operated for water sale and domestic use are 
supposed to pay for the power they use. While the cost of this is relatively low in 
relation to the market price for water, it may discourage excessive pumping when 
urban demand is low. Given the value of water in the urban markets, however, the 
impact of this is likely to be relatively small. Overall, under current legal and 
other institutional arrangements, the difference between urban water markets and 
other groundwater use patterns where incentives for over extraction are 
concerned are unlikely to be major. There are strong incentives to pump as much 
as possible in both situations and little incentive to conserve. Although water 
markets encourage excessive extraction, they also encourage efficient use at the 
consumer level. No survey has been conducted that contrasts water use in houses 
where highly subsidized municipal supplies are good and water use in households 
dependent on water purchased from markets. Anecdotal evidence, however, 
indicates that price and availability differences do provide strong incentives for 
conservation.  
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With rooftop rainwater harvesting widely in use in Chennai, the water from these 
sources can be used for gardens, clothes washing or toilet flushing. Therefore there is less 
need to use higher quality, higher value water that would otherwise often need to be 
purchased. The relatively high prices in Chennai’s fragmented water market (or large 
amounts of time spent collecting water) appear to have a significant impact on 
consumption patterns and encourage conservation and efficient use at the domestic level 
(Ibid.).  
Again, making the comparison against large-scale river transfer projects, other 
interesting equity questions arise. If river water transfers, which frequently divert water 
that would otherwise be utilized in agriculture, are used to pressurize municipal systems 
and deliver water to urban dwellers at current highly subsidized rates, urban users will be 
delivered with water at charges that are probably below the opportunity cost of that water 
in agriculture. Thus there would be very little incentive to curb wasteful practices (i.e., 
passive neglect, not fixing leaks, etc.) despite the use of high value treated drinking water 
to low value uses such as car washing and gardens (Ibid.). As mentioned in the previous 
chapter, the World Bank estimated that water from the proposed Krishna and 
Veeranumm projects in Tamil Nadu cost about Rs. 45 per cubic meter, much higher than 
the Rs. 3.15 cubic meter rate at which farmers currently sell water to urban dwellers or 
even the Rs. 6 cubic meters market value of rice that could be produced using this water 
(Ibid.). Government funds for the construction of such water transfer schemes ultimately 
come from the public. Funds used for expensive water transfer projects cripple the 
chances for funding of other socially beneficial projects. Therefore it can be argued that 
building large water transfer projects is not very equitable, particularly when there are 
local sources available (e.g., rainwater harvesting). And other social and economic 
implications arise when millions of people living near river banks are displace because of 
large water transfer projects (Ibid.).  
 Overall, according to Janakarajan and Moench, the current urban water market in 
Chennai plays a major role in meeting local water demand and, when compared to large-
scale water transfer projects appear relatively equitable. “While unregulated local water 
markets do provide strong incentives for the development of groundwater overdraft and 
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other unsustainable use patterns, other aspects appear beneficial from an overall equity 
perspective” (Ibid.). 
 “If effective mechanisms for regulation extraction to sustainable levels can be 
identified, there is no inherent reason why any new or more detailed form of rights 
system would need to be developed in order to enable urban water markets to function 
effectively. While systems of tradable water rights could have advantages, their 
development is, at best, a long-term process. Current water market structures already 
enable reallocation of available supplies from lower to higher value uses and, at least in 
relation to other forms of urban supply, appear to function in a relatively equitable 
manner” (Ibid.).  
 
The discussions in chapter five can be summarized as follows:  
• The ecological benefits and sustainability potential of rainwater harvesting in 
Chennai are good, though effective monitoring systems and further transparency 
of groundwater data are strongly needed. 
• The social benefits and sustainability potential of rainwater harvesting in Chennai 
depends on whether individual treatment of water for human consumption can be 
accepted. Otherwise rainwater harvesting, when used for non-drinking purposes, 
has very good social benefits and sustainable prospects. The decision to enforce 
rainwater harvesting appears to have been socially acceptable and an act of 
governance. But further inquiries are needed (wider surveys) to be certain. 
• For the economic benefits and sustainability potential, rainwater harvesting can 
help individuals cut down their total water bill, even if they displace only the 
water for non-drinking purposes. Individuals can save further by sharing wells 
and dividing costs for construction and labor with other people in their 
communities. From the larger market perspective, rainwater harvesting can create 
more equity when compared to larger water transfer schemes. 
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6. CONCLUSION 
Rainwater harvesting has great potential in freshwater-starved urban areas to be 
environmentally, socially and economically sustainable. In Chennai, an expanding coastal 
city surrounded by many rivers and lakes, the people depend on the sustainability 
potential because rainwater harvesting has been enforced upon them. The reasons for the 
legislation were rational, and the action was a good exercise in governance since it had 
involved various layers of citizenship – from voluntary groups and private businesses to 
government and water authorities.  
Decades of uncontrolled and excessive groundwater extraction coupled with 
saline water intrusion and heavy iron content in underground aquifers has not only made 
freshwater less available but unsuitable to drink. Meanwhile, surface waters are polluted 
and, even when the water is treated, they are inadequate to supply the growing demands 
of the city. Tankers travel over 250 kilometers to transport water into the metropolitan 
area because the municipal authorities cannot supply enough water through the piped 
network. This is often the case in years when the monsoons have failed. The situation has 
resulted in a fragmented water market, where not all suppliers are entirely legal and the 
quality of water is uncertain. There are a number of solutions the government has taken to 
help combat the problem, namely desalinization plants, reverse osmosis treatment 
facilities, river water diversion schemes, etc. There are other possible solutions not 
mentioned in this study, such as laying pipes from rural areas into the city in order to 
reduce transport costs and increase efficiency in the distribution network. However, in 
this case, the study is limited in scope and cannot make comparisons with all of these 
potential solutions. Therefore further analysis is needed. 
Based on the information, data and arguments brought forward, rainwater 
harvesting can be sustainable in Chennai. The Chennai experience can also be 
transferable to other Indian cities, some of which have already legislated rainwater 
harvesting, namely, New Delhi, Bangalore and Mumbai – using more or less the same 
methods, technologies and concepts as found in Chennai. Again, this study is limited in 
that it does not make any cross-analysis between Chennai and other cities in India or 
elsewhere. Outside of India, rainwater-harvesting systems are used in some cities 
throughout Asia, Japan, Europe, U.S. and South America. The parameters of 
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sustainability depend on the culture and societal norms of the country in question. There 
are international declarations and some legislation (i.e., EU Directives) around the world 
making great efforts to define the standards of sustainability as well setting targets for 
action. However it will be very difficult for the developing world to maintain the same 
sustainability standards as the developed world when larger issues of inequity persist 
(e.g., world trade, developing country debt, etc.). 
Nevertheless, the Chennai experience needs improvement to ensure the social, 
economic and ecological benefits are realized, captured and sustained for future 
generations. As stated earlier, the theme of the Fourth World Water Forum in 2006 will 
be “Local Actions for a Global Challenge”. There is no question that the efforts made by 
Chennaites Ramani, Raghavan and Venkataraman are classic examples of local actions 
for the global challenge. The authors of this study make recommendations for how 
Chennai can move forward to ensure its rainwater harvesting efforts can be sustained.  
 
6.1 Recommendations 
 
Government 
• All information and data about groundwater quantity and quality should be 
accessible to the public. Detailed quarterly reports from all agencies at all levels 
can be compiled and distributed to various forms of the media for publication. 
The information should be posted on websites. 
• Groundwater limits should be set and effective metering systems should be 
required for anyone with a license to pump. These should be monitored on a 
monthly basis.  
• Encourage the establishment of an association for special licensed water tankers 
to help monitor the market. Crack down on any unauthorized water tankers in 
operation.    
• Resume sponsorship of one-day training programs to educate the public about the 
best available methods of rainwater harvesting and water treatment requirements. 
•  A small task force of trained individuals can visit different areas of the city to 
organize and hold seminars. 
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• Continue campaigns through advertisements to educate the public about the their 
social responsibility and benefits of water conservation.  
• Encourage and empower communities to ensure any harvested rainwater for 
drinking purposes meets health and safety standards. Rainwater for drinking 
purposes can be directed into communal water towers, which in turn can be 
monitored, tested and analyzed by city officials. 
• Otherwise only permit and encourage individuals to engage in rainwater 
harvesting for non-drinking purposes. The city authorities can channel all urban 
rainwater runoff into special recharge wells. It can also be redirected to water 
treatment facilities before distribution to private homes. 
• Encourage and support national and international rainwater harvesting seminars, 
where different experiences from around the world can be shared.  
 
Volunteer groups         
• Conduct annual surveys to monitor and assess environmental, social and 
economic responses to rainwater harvesting.  
• Participate in local, national and international seminars about rainwater 
harvesting. 
• Organize workshops about maintenance techniques and further advancements in 
rainwater harvesting methods. 
• Encourage different communities throughout the city to organize community-
based rainwater harvesting schemes.  
• Continue to distribute information in pamphlets, newsletters or on websites to 
inform the public of any developments in rainwater harvesting and related events.   
•  Become local watchdogs for any individual or group not engaged in “good” 
practices. 
 
Private builders 
• Keep abreast of innovative ways to combine rainwater harvesting, water recycling 
and water treatment systems, which can satisfy national standards. 
• Exchange information through various seminars. 
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Public 
• Define the purpose of rainwater harvesting. Will it be used for drinking or other 
needs?  
• Ensure a good structure is developed and easily maintained based on 
recommendations from volunteer groups or Chennai Metropolitan Water Supply 
& Sewerage Board. 
•  Participate in community rainwater harvesting, which can be economically and 
socially beneficial.  
• Combine rainwater harvesting with other water conservation practices, such as 
water recycling, etc.   
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Afterword 
 Indian Prime Minister Atal Behari Vajpayee resigned on May 13 after a shock 
election defeat, which was one of the most dramatic political upsets since Indian 
independence almost 60 years ago. Italian-born Sonia Gandhi’s Congress party will take 
power. The election result was a resounding rejection by the rural poor of Vajpayee’s 
“India shining” campaign motto. The coalition led by Vaypayee’s Hindu nationalist 
Bharatiya Janata Party lost one-third of its MPs, including its foreign minister, punished 
by disaffected rural poor who feel excluded from India’s economic boom. The BJP’s 
campaign foundered on the failure of growth and cheap loans to reach the hundreds of 
millions in crushing poverty in rural India, where power, jobs and clean water are 
luxuries. It was an embarrassing defeat for Vajpayee’s BJP, which had called elections 
six months early because it felt confident of winning an even bigger majority in 
Parliament, based on the roaring economy and prospects of peace with Pakistan. 
 Meanwhile, Gandhi has pushed for a secular India in contrast to the BJP’s Hindu 
nationalist message. Her two children, Rahul and Priyanka, are up-and-coming 
politicians. Rahul easily clinched his race to enter parliament for the first time. The 
Gandhi dynasty dominated Indian politics since independence from British colonial rule 
in 1947. Jawaharlal Nehru, India’s first prime minister, headed the country from 
independence until his death in 1964. Nehru was followed by his daughter, Indira 
Gandhi, who was killed by her own bodyguards in 1984. Rajiv, her son and Sonia’s 
husband, took power and ruled until 1989. Two years later, he too was assassinated. 
During the campaign, Sonia Gandhi’s Indian-born children were called foreigners by the 
opposition. Her Italian identity had stoked the debate – dubbed the “Sonia factor” – over 
whether a foreign-born citizen should rule India.  
 
- Reuters, Associated Press, 2004, May 13 
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APPENDIX LIST 
Appendix 1: Chennai Map 
 
 
 
http://www.thebharat.com/maps/tamilnadu/html/chennai/checity.html 
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Appendix 2. 
 
INDIAN STANDARD DRINKING WATER-SPECIFICATION ( BIS  10500: 1991 )  
Sl.No Substance or Characteristic Requirement  (Desirable Limit) 
Permissible Limit in the 
absence of Alternate 
source 
Essential characteristics 
1. Colour, ( Hazen units, Max ) 5 25 
2. Odour Unobjectonable Unobjectionable 
3. Taste Agreeable Agreeable 
4. Turbidity  ( NTU, Max) 5 10 
5. pH  Value 6.5 to 8.5 No Relaxsation 
6. Total Hardness (as CaCo3) mg/lit.,Max 300 600 
7. Iron           (as Fe) mg/lit,Max 0.3 1.0 
8. Chlorides  (as Cl) mg/lit,Max. 250 1000 
9. Residual,free chlorine,mg/lit,Min 0.2 -- 
Desirable Characteristics 
10. Dissolved solids  mg/lit,Max 500 2000 
11. Calcium  (as Ca) mg/lit,Max 75 200 
12. Copper    (as Cu) mg/lit,Max 0.05 1.5 
13 Manganese (as Mn)mg/lit,Max 0.10 0.3 
14 Sulfate  (as SO4) mg/lit,Max 200 400 
15 Nitrate  (as NO3) mg/lit,Max 45 100 
16 Fluoride (as F) mg/lit,Max 1.9 1.5 
17 Phenolic Compounds                            
(as C
 6 H5OH)mg/lit, Max. 
0.001 0.002 
18 Mercury (as Hg)mg/lit,Max 0.001 No relaxation 
19 Cadmiun (as Cd)mg/lit,Max 0.01 No relaxation 
20 Selenium (as Se)mg/lit,Max 0.01 No relaxation 
21 Arsenic (as As) mg/lit,Max 0.05 No relaxation 
22 Cyanide (as CN) mg/lit,Max 0.05 No relaxation 
23 Lead  (as Pb) mg/lit,Max 0.05 No relaxation 
24 Zinc   (as Zn) mg/lit,Max 5 15 
25 Anionic detergents                             (as 
MBAS) mg/lit,Max 
0.2 1.0 
26 Chromium (as Cr6+)mg/lit,Max 0.05 No relaxation 
27 Polynuclear aromatic hydro carbons   (as 
PAH) g/lit,Max 
-- -- 
28 Mineral Oil  mg/lit,Max 0.01 0.03 
29 Pesticides  mg/l, Max Absent 0.001 
30 Radioactive Materials            
                        
  
 i. Alpha emitters Bq/l,Max -- 0.1 
 ii. Beta emitters  pci/l,Max -- 1.0 
31 Alkalinity mg/lit.Max 200 600 
32 Aluminium  (as Al) mg/l,Max 0.03 0.2 
33 Boron  mg/lit,Max 1 5 

http://www.chennaimetrowater.com/qualitymainpage.htm 
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Appendix 3.  
 
Tamil Nadu Acts and Ordinances 
 
TAMIL NADU  
GOVERNMENT GAZETTE 
EXTRAORDINARY    PUBLISHED BY AUTHORITY 
 
 
No. 207]  CHENNAI, SATURDAY, JULY 19, 2003 
Aadi 3, Subhanu, Thiruvalluvar Aandu -2034 
  
 
PART IV - Section 2 
Tamil Nadu Acts and Ordinances. 
__________ 
  The following Ordinace which was promulgated by 
the Governor on the 19th July 2003 is hereby 
published for general information 
  
TAMIL NADU ORDINANCE No.4 OF 2003 
  An Ordinance further to amend the Laws relating to 
the Municipal Corporations and Municipalities in 
the State of Tamil Nadu. 
  
  WHEREAS the Legislative Assembly of the State 
is not in session and the Governor of Tamil Nadu is 
satisfied that circumstances exist which render it 
necessary for him to take immediate action for the 
purpose hereinafter appearing; 
NOW, THEREFORE, in exercise of the powers 
conferred by clause (1) of Article 213 of the 
Constitution, the Governor hereby promulgates the 
following Ordinance:- 
  
  PART-I 
PRELIMINARY 
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  1. (1) This Ordinance may be called the Tamil 
Nadu Municipal Laws (Second Amendment) 
Ordinance, 2003. 
Short title and 
commencement. 
  (2) It shall come into force at once.   
  
PART-II   
  AMENDMENT TO THE CHENNAI CITY 
MUNICIPAL CORPORATION ACT, 1919. 
  
Tamil Nadu Act 
IV of 1919. 
2. After section 255 of the Chennai City Municipal 
Corporation Act, 1919, the following section shall 
be inserted, namely:- 
Insertion of new 
section 255-A. 
  
"255-A Provision of Rain Water Harvesting 
Structure.- (1) In every building owned or occupied 
by the Government or a statutory body or a 
company or an institution owned or controlled by 
the Government, rain water harvesting structure 
shall be provided by the Government or by such 
statutory body or company or other institution, as 
the case may be, in such manner and within such 
time as may be prescribed. 
  
  (2) Subject to the provisions of sub-section (1), 
every owner or occupier of a building shall provide 
rain water harvesting structure in the building in 
such manner and within such period as may be 
prescribed. 
  
  Explanation.- Where a building is owned or 
occupied by more than one person, every such 
person shall be liable under this sub-section. 
  
  
 
(3) Where the rain water harvesting structure is not 
provided as required under sub-section (2), the 
Commissioner or any person authorised by him in 
this behalf may, after giving notice to the owner or 
occupier of the building, cause rain water 
harvesting structure to be provided in such building 
and recover the cost of such provision along with 
the incidental expense thereof in the same manner 
as property tax. 
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  (4) Notwithstanding any action taken under sub-
section (3), where the owner or occupier of the 
building fails to provide the rain water harvesting 
structure in the building before the date as may be 
prescribed, the water supply connection provided 
to such building shall be disconnected till rain 
water harvesting structure is provided. 
  
  PART-III   
  AMENDMENT TO THE TAMIL NADU DISTRICT 
MUNICIPALITIES ACT, 1920. 
  
Tamil Nadu Act V 
of 1920. 
3. After section 215 of the Tamil Nadu District 
Municipalities Act, 1920, the following section shall 
be inserted, namely:- 
Insertion of new 
section 215-A. 
  
 
"215-A Provision of Rain Water Harvesting 
Structure.- (1) In every building owned or occupied 
by the Government or a statutory body or a 
company or an institution owned or controlled by 
the Government, rain water harvesting structure 
shall be provided by the Government or by such 
statutory body or company or other institution, as 
the case may be, in such manner and within such 
time as may be prescribed. 
  
  (2) Subject to the provisions of sub-section (1), 
every owner or occupier of a building shall provide 
rain water harvesting structure in the building in 
such manner and within such period as may be 
prescribed. 
  
  Explanation.- Where a building is owned or 
occupied by more than one person, every such 
person shall be liable under this sub-section. 
  
  
 
(3) Where the rain water harvesting structure is not 
provided as required under sub-section (2), the 
Executive Authority or any person authorised by 
him in this behalf may, after giving notice to the 
owner or occupier of the building, cause rain water 
harvesting structure to be provided in such building 
and recover the cost of such provision along with 
the incidental expense thereof in the same manner 
as property tax. 
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  (4) Notwithstanding any action taken under sub-
section (3), where the owner or occupier of the 
building fails to provide the rain water harvesting 
structure in the building before the date as may be 
prescribed, the water supply connection provided 
to such building shall be disconnected till rain 
water harvesting structure is provided. 
  
  PART-IV   
  AMENDMENT TO THE MADURAI CITY 
MUNICIPAL CORPORATION ACT, 1971. 
  
Tamil Nadu Act 
15 of 1971. 
4. After section 295 of the Madurai City Municipal 
Corporation Act, 1971, the following section shall 
be inserted, namely:- 
Insertion of new 
section 295-A. 
  
 
"295-A Provision of Rain Water Harvesting 
Structure.- (1) In every building owned or occupied 
by the Government or a statutory body or a 
company or an institution owned or controlled by 
the Government, rain water harvesting structure 
shall be provided by the Government or by such 
statutory body or company or other institution, as 
the case may be, in such manner and within such 
time as may be prescribed. 
  
  (2) Subject to the provisions of sub-section (1), 
every owner or occupier of a building shall provide 
rain water harvesting structure in the building in 
such manner and within such period as may be 
prescribed. 
  
  Explanation.- Where a building is owned or 
occupied by more than one person, every such 
person shall be liable under this sub-section. 
  
  
 
(3) Where the rain water harvesting structure is not 
provided as required under sub-section (2), the 
Commissioner or any person authorised by him in 
this behalf may, after giving notice to the owner or 
occupier of the building, cause rain water 
harvesting structure to be provided in such building 
and recover the cost of such provision along with 
the incidental expense thereof in the same manner 
as property tax. 
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  (4) Notwithstanding any action taken under sub-
section (3), where the owner or occupier of the 
building fails to provide the rain water harvesting 
structure in the building before the date as may be 
prescribed, the water supply connection provided 
to such building shall be disconnected till rain 
water harvesting structure is provided. 
  
  
  
PART-V   
  AMENDMENT TO THE COIMBATORE CITY 
MUNICIPAL CORPORATION ACT, 1981. 
  
Tamil Nadu Act 
25 of 1981. 
5. After section 295 of the Coimbatore City 
Municipal Corporation Act, 1981, the following 
section shall be inserted, namely:- 
Insertion of new 
section 295-A. 
  
 
"295-A Provision of Rain Water Harvesting 
Structure.- (1) In every building owned or occupied 
by the Government or a statutory body or a 
company or an institution owned or controlled by 
the Government, rain water harvesting structure 
shall be provided by the Government or by such 
statutory body or company or other institution, as 
the case may be, in such manner and within such 
time as may be prescribed. 
  
  (2) Subject to the provisions of sub-section (1), 
every owner or occupier of a building shall provide 
rain water harvesting structure in the building in 
such manner and within such period as may be 
prescribed. 
  
  Explanation.- Where a building is owned or 
occupied by more than one person, every such 
person shall be liable under this sub-section. 
  
  
 
(3) Where the rain water harvesting structure is not 
provided as required under sub-section (2), the 
Commissioner or any person authorised by him in 
this behalf may, after giving notice to the owner or 
occupier of the building, cause rain water 
harvesting structure to be provided in such building 
and recover the cost of such provision along with 
the incidental expense thereof in the same manner 
as property tax. 
  
Making Urban Rainwater Harvesting Sustainable: Lessons Learned in Chennai                                     
  
 109
  (4) Notwithstanding any action taken under sub-
section (3), where the owner or occupier of the 
building fails to provide the rain water harvesting 
structure in the building before the date as may be 
prescribed, the water supply connection provided 
to such building shall be disconnected till rain 
water harvesting structure is provided. 
  
  
19th July 2003.                                        P.S. 
RAMAMOHAN RAO 
  
  
Governor of Tamil Nadu 
  
  EXPLANATORY STATEMENT 
In order to augment ground water resources, it has 
been decided to make it mandatory to provide rain 
water harvesting structure in all building. As rain 
water harvesting structures will have to be put up 
before the ensuing monsoon, it has also been 
proposed to give a time limit to be specified in the 
Rules, to provide rain water harvesting structure by 
the owner or occupier of every building and in case 
they do not provide rain water harvesting structure 
within the above said period, the authorities of the 
local body concerned will provide the rain water 
harvesting structure in those buildings and recover 
the cost of provision of rain water harvesting 
structure with the incidental expense from such 
owner or occupier as property tax. 
2. It has also been decided that if such owner or 
occupier of the building fails to provide rain water 
harvesting structure on or before the date to be 
specified in the Rules, the water supply connection 
provided to such building shall be disconnected. 
3. The Ordinance seeks to give effect to the above 
decisions. 
  
  (By order of the Governor)   
   
 A. KRISHNANKUTTY NAIR 
Secretary to Government 
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CHENNAI, MONDAY, JULY 21, 2003 
Aadi 5, Subhanu, Thiruvalluvar Aandu -2034 
  
 
PART IV - Section 2 
Tamil Nadu Acts and Ordinances. 
  
  The following Ordinace which was promulgated by 
the Governor on the 21st July 2003 is hereby 
published for general information 
  
TAMIL NADU ORDINANCE No.4 OF 2003 
  An Ordinance further to amend the Tamil Nadu 
Panchayats Act, 1994. 
  
  WHEREAS the Legislative Assembly of the State 
is not in session and the Governor of Tamil Nadu 
is satisfied that circumstances exist which render it 
necessary for him to take immediate action for the 
purpose hereinafter appearing; 
NOW, THEREFORE, in exercise of the powers 
conferred by clause (1) of Article 213 of the 
Constitution, the Governor hereby promulgates 
the following Ordinance:- 
  
  1. (1) This Ordinance may be called the Tamil 
Nadu Panchayats (Second Amendment) 
Ordinance, 2003. 
Short title and 
commencement. 
  (2) It shall come into force at once.   
Tamil Nadu Act 
21 of 1994. 
2. After section 257 of the Tamil Nadu Panchayats 
Act, 1994, the following section shall be inserted, 
namely:- 
Insertion of new 
section 257-A. 
  
"257-A Provision of Rain Water Harvesting 
Structure.- (1) In every building owned or occupied 
by the Government or a statutory body or a 
company or an 
  
  (1) institution owned or controlled by the 
Government, rain water harvesting structure shall 
be provided by the Government or by such 
statutory body or company or other institution, as 
the case may be, in such manner and within such 
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time as may be prescribed 
  (2) Subject to the provisions of sub-section (1), 
every owner or occupier of a building shall provide 
rain water harvesting structure in the building in 
such manner and within such period as may be 
prescribed. 
  
  Explanation.- Where a building is owned or 
occupied by more than one person, every such 
person shall be liable under this sub-section. 
  
  (3) Where the rain water harvesting structure is 
not provided as required under sub-section (2), 
the Executive Authority or any person authorised 
by him in this behalf may, after giving notice to the 
owner or occupier of the building, cause rain water 
harvesting structure to be provided in such 
building and recover the cost of such provision 
along with the incidental expense thereof in the 
same manner as property tax. 
  
  (4) Notwithstanding any action taken under sub-
section (3), where the owner or occupier of the 
building fails to provide the rain water harvesting 
structure in the building before the date as may be 
prescribed, the water supply connection provided 
to such building shall be disconnected till rain 
water harvesting structure is provided.". 
  
  
21st July 2003.                                        P.S. 
RAMAMOHAN RAO 
  
  
Governor of Tamil Nadu 
  
  EXPLANATORY STATEMENT 
In order to augment ground water resources, it has 
been decided to make it mandatory to provide rain 
water harvesting structure in all building. As rain 
water harvesting structures will have to be put up 
before the ensuing monsoon, it has also been 
proposed to give a time limit to be specified in the 
Rules, to provide rain water harvesting structure 
by the owner or occupier of every building and in 
case they do not provide rain water harvesting 
structure within the above said period, the 
authorities of the local body concerned will provide 
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the rain water harvesting structure in those 
buildings and recover the cost of provision of rain 
water harvesting structure with the incidental 
expense from such owner or occupier as property 
tax. 
2. It has also been decided that if such owner or 
occupier of the building fails to provide rain water 
harvesting structure on or before the date to be 
specified in the Rules, the water supply connection 
provided to such building shall be disconnected. 
3. The Ordinance seeks to give effect to the above 
decisions. 
  (By order of the Governor)   
   
 A. KRISHNANKUTTY NAIR 
Secretary to Government   
Law Department         
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Map from CMWSSB 
 
http://www.chennaimetrowater.com/rainwatermain.htm 
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Suitable aquifer zones in Chennai city 
Details of favourable aquifer zones 
Sl.N
o 
Colou
r 
Selected areas Water 
level 
during 
summe
r in 'm' 
Depth 
of the 
aquife
r in 
'm' 
Saturate
d 
thicknes
s in 'm' 
Recharg
e zone in 
'm' 
1 Blue Secretariat,Port,Chepauk,Triplicane,Santhome 
Seashore,Karpagam Garden, M.R.C. Nagar 
3 10 7 3 
. .  Egmore,BesantNagar SasthriNagar,Karpagam 
Avenue,Thiruvanmiyur 
4 10 6 4 
. .  Ekkattuthangal 6 10 6 4 
2 Orang
e 
ParrysCorner,Mint,Sevenwells,Kothaval Chava
di, 
VallalarNagar,ParkTown,Sowcarpet,Mylapore, 
Mandaiveli,Alwarpet,RajaAnnamalapuram, 
Pattinapakkam 
6 15 9 6 
3 Yellow Nungamakkam(Lakearea), 
T.Nagar,West CITNagar, Teynampet, 
Gopalapuram, Royapettah,  
Thousand Lights,  KK Nagar 
9 15 6 9 
. .  Adayar,GandhiNagar,IndiraNagar,Kasthuribha 
Nagar 
8 15 7 8 
4 Light 
Red 
Ayanavaram, ICFQuarters,Kilpauk,Kilpauk 
Garden,Shenoy Nagar (East) 
7 20 13 7 
. .  Anna Nagar, Anna Nagar (West), Shenoy 
Nagar (West) 
12 30 18 12 
. .  Koyambedu 14 30 16 14 
5 Green Perambur 7 30 23 7 
.. .  Alandur,Guindy, Chinnamalai, Tharamani,  
St.Thomas Mount 
Hard 
Rock 
.  .  .  
Table from CMWSSB 
http://www.chennaimetrowater.com/rainwatermain.htm  
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Appendix 7. Survey 
 
Survey respondents: 30 houses                            Survey attempted: 74 houses 
 
Sr.no. Question  
 
Yes  No  
1 Do you think water supply is a problem? 28 2 
2 What is your primary source of water?  
Metro water board (3), well (1), bore well (9), Other: (Tankers) (26)  
  
3 How did you first learn about rainwater harvesting? 
Newspaper/Magazines (19), Govt. pamphlets (4), TV/Radio (6) NGO (), 
Other: people(1) 
  
4 Do you think the information you received was sufficient enough to educate 
you about rainwater harvesting? 
24 6 
5 How much did rainwater harvesting structure cost? 
3000-5000/Individual House, 10000-25000/Apartment 
  
6 Do you think rainwater harvesting is necessary? 30 0 
7 How do you rate your level of satisfaction with rainwater harvesting?      
Satisfied (14)     Not satisfied (15)  
A) If satisfied, why? Helps in water rise in future (12), Improves 
water quality (2) 
B) If not satisfied, why? No rain (12) not enough water available (3) 
Too soon to say (1) 
  
8 Do you think rainwater harvesting should be enforced by law? 27 3 
9 If there were no law to enforce rainwater harvesting, would you have 
implemented it on your own? 
20 10 
10 Are you paying for water you consume? 30 0 
11 How much are you paying? 550-750 Rs/ per Tank   
12 Do you think water should be metered and paid accordingly? 25 5 
 
 
 
 
 



